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FIELD OF THE INVENTION 

The invention relates to compositions and methods for encoding, decoding and using 
microsphere array sensors utilizing nanocrystals (also referred to in the art as quantum dots). 

BACKGROUND OF THE INVENTION 

There are a number of assays and sensors for the detection of the presence and/or 
concentration of specific substances in fluids and gases. Many of these rely on specific 
ligand/antiligand reactions as the mechanism of detection. That is, pairs of substances (i.e. 
the binding pairs or ligand/antiligands) are known to bind to each other, while binding little 
or not at all to other substances. This has been the focus of a number of techniques that 
utilize these binding pairs for the detection of the complexes. These generally are done by 
labeling one component of the complex in some way, so as to make the entire complex 
detectable, using, for example, radioisotopes, fluorescent and other optically active 
molecules, enzymes, etc. 

Of particular use in these sensors are detection mechanisms utilizing luminescence. Recently, 
the use of optical fibers and optical fiber strands in combination with light absorbing dyes for 
chemical analytical determinations has undergone rapid development, particularly within the 
last decade. The use of optical fibers for such purposes and techniques is described by 
Milanovich et al., "Novel Optical Fiber Techniques For Medical Application", Proceedings of 
the SPIE 28th Annual International Technical Symposium On Optics and Electro-Optics, 
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Volume 494, 1980; Seitz, W.R., "Chemical Sensors Based On Immobilized Indicators and 
Fiber Optics" in C.R.C. Critical Reviews In Analytical Chemistry, Vol. 19, 1988, pp. 
135-173; Wolfbeis, O.S., "Fiber Optical Fluorosensors In Analytical Chemistry" in 
Molecular Luminescence Spectroscopy, Methods and Applications (S. G. Schulman, editor), 
Wiley & Sons, New York (1988); Angel, S.M., Spectroscopy 2 (4):38 (1987); Walt, et al., 
"Chemical Sensors and Microinstrumentation", ACS Symposium Series, Vol. 403, 1989, p. 
252, and Wolfbeis, O.S., Fiber Optic Chemical Sensors, Ed. CRC Press, Boca Raton, FL, 
1991, 2nd Volume. 

When using an optical fiber in an in vitro/in vivo sensor, one or more light absorbing dyes are 
located near its distal end. Typically, light from an appropriate source is used to illuminate 
the dyes through the fiber's proximal end. The light propagates along the length of the optical 
fiber; and a portion of this propagated light exits the distal end and is absorbed by the dyes. 
The light absorbing dye may or may not be immobilized; may or may not be directly attached 
to the optical fiber itself; may or may not be suspended in a fluid sample containing one or 
more analytes of interest; and may or may not be retainable for subsequent use in a second 
optical determination. 

Once the light has been absorbed by the dye, some light of varying wavelength and intensity 
retums, conveyed through either the same fiber or collection fiber(s) to a detection system 
where it is observed and measured. The interactions between the light conveyed by the 
optical fiber and the properties of the light absorbing dye provide an optical basis for both 
qualitative and quantitative determinations. 

Many of the recent improvements employing optical fiber sensors in both qualitative and 
quantitative analytical determinations concern the desirability of depositing and/or 
immobilizing various light absorbing dyes at the distal end of the optical fiber. In this 
manner, a variety of different optical fiber chemical sensors and methods have been reported 
for specific analytical determinations and applications such as pH measurement, oxygen 
detection, and carbon dioxide analyses. These developments are exemplified by the following 
publications: Freeman, et al.. Anal Chem. 53:98 (1983); Lippitsch et al.. Anal. Chem. Acta. 
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205:1,(1988); Wolfbeisetal.,W Chem. 60:2028(1988); Jordan, etal.,^«a/. Chem. 
59:437 (1987); Lubbers et al.. Sens. Actuators 1983; Munkholm et al., Talanta 35:109 
(1988);MunkholmetalU««/. Chem. 58:1427 (1986); Seitz, W. R.,W Chem. 
56:16A-34A (1984); Peterson, et al.. Ami. Chem. 52:864 (1980): Saari, et al.. Anal. Chem. 
54:821 (1982); Saari, etal.,^«o/. Chem. 55:667 (1983); Zhujun etal.,^«o/. Chem. Acta. 
160:47 (1984); Schwab., et ^\.,Anal. Chem. 56:2199 (1984); Wolfbeis, O.S., "Fiber Optic 
Chemical Sensors". Ed. CRC Press, Boca Raton, FL, 1991 , 2nd Volume; and Pantano, P., 
Walt, D.R., Anal. Chem., 481A-487A, Vol. 67, (1995). 

More recently, fiber optic sensors have been constructed that permit the use of multiple dyes 
with a single, discrete fiber optic bundle. U.S. Pat. Nos. 5,244,636 and 5,250,264 to Walt, et 
al. disclose systems for affixing multiple, different dyes on the distal end of the bundle, the 
teachings of each of these patents being incorporated herein by this reference. The disclosed 
configurations enable separate optical fibers of the bundle to optically access individual dyes. 
This avoids the problem of deconvolving the separate signals in the returning light fi-om each 
dye, which arises when the signals from two or more dyes are combined, each dye being 
sensitive to a different analyte; and there is significant overlap in the dyes' emission spectra. 

U.S.S.N.S 08/818,199 (Patent No. 6,023,540) and 09/151,877 describe array compositions 
that utilize microspheres or beads on a surface of a substrate, for example on a terminal end 
of a fiber optic bundle, with each individual fiber comprising a bead containing an optical 
signature. Since the beads go down randomly, a unique optical signature is needed to 
"decode" the array; i.e. after the array is made, a correlation of the location of an individual 
site on the array with the bead or bioactive agent at that particular site can be made. This 
means that the beads may be randomly distributed on the array, a fast and inexpensive 
process as compared to either the in situ synthesis or spotting techniques of the prior art. 
Once the array is loaded with the beads, the array can be decoded, or can be used, with fiiU or 
partial decoding occurring after testing, as is more fiilly outlined below. 


Unfortunately, the above systems all suffer from the disadvantages of working with 
convemional detection labels, typically organic dyes such as rhodamine. Conventional dye 


PCT/USOO/13940 

WO 00/71995 

molecules impose srtngen. requirements on *e optical systems used to make tese 

measurements; U>eir .a^w exciution spectrum makes simultaneous excitaUon dUBcul. m 
most cases, ^dtheirbroademission spectrum withalongtailatred wavelengths .ntroduces 

spectral cross talk between different detection chamtels, making quantitation of the relative 
amounts of different probes difficult. 

Therefore, it is desirable to provide assay components and methods which utilize deteOable 
labels which emit spectrally resolvable energies and have narrow, symmetnc emtssron 
spectrums, and wherein whole groups of deteoUble labels can be excited at a smgle 
wavelength. 

SUMMARY OF THE INVENTION 

in accordance with the above objects, the present invention provides compositions 
comprising a substrate with a surface comprising discrete sites, and a populauon of 
microspheres distributed on the sites. At leas, one of the microspheres compnses a 
nanoc^sral. The nanocrysul can be embedded in the microsphere, for example using the sol- 
gel polymerization process, or it can be attached ,0 the microsphere. The microspheres 
optionally comprise bioactive agents and/or identifier binding llgands. 

,„ an additional aspect, the population of microspheres comprises at least a first and a second 
subpopulation comprising a first and a second bioactive agent, respectively, and a fir« and a 
second optical signature, respectively, capable of identifying each bioactive agent. At leas, 
one of the optical signatures comprises a nanocrystal. 

In a futher aspect, the invention provides methods of making a composition comprising 
forming a surface comprising individual sites on a substmte and distributing microspheres on 
the surface such that the individual sites contain microspheres. The microspheres compnse 
an optical signature, and at least one optical signature comprises a. least one nanocrystal. 

,„ an additional aspect the invention provides a method of determining the presence of a 
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target analyte in a =».pl= comprising contacting the sample with a composition. The 
composition comprises a substmte with a snrfaoe comprising discrete sites and a populanon 
of microspheres comprising at least a frst and a second subpopnlaUon each compr.smg a 
bioacdve agent and an optical signature capable ofidentifying the bioacuve agent. The 
microspheres at. distributed on Ute surface such fl>at the discrete sites contain microspheres 
and wherein a. least one of the optical signatures comprises at least one nanocrystal. The 
presence or absence of the target analyte is then determined. 

in a further aspect, the invention provides methods of making a composition comprising 
adhering nanocrystals to porous silica, and sealing the pores of the silica using the sol-gel 
polymerization process. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is an improvement on previous work comprising a bead-based analytic 
chemistry system in which beads, also termed microspheres, carrying different chem,cal 
functionalities are distributed on a subsuate comprising a patterned surface of dtscrete sttes 
that can bind me individual microspheres. The beads are generally pu, onto the substrate 
randomly, and thus several different methodologies can be used to "decode" the arrays. In 
one embodiment, unique optical signatures are incorporated into the beads, generally 
fluores^nt dyes, that can be used to identify the chemical functionality on any p^tcular 
bead Disclosures regarding arrays, particularly composite arrays and optical stgnamres 
include U.S.S.N. 60/113,968, PCT US99/3.022, U.S.S.N. 09/256.943, U.S.S.N. 09/473,904 
and U S.S.N. 09/553.993 are incorporated herein by reference in their entirety. The present 
invention provides for the firs, time, an improvemem to the previous work by utilizing 
nanocrystds (also refer^d to as "quantum dots" or "semi-conductor clusters") in at leas, one 
component of the optical signatures as further outlined below. 

in comparison to organic dyes such as rhodamine. nanocrystals are approximately at least 20 
times as bright, approximately at least 100 times as stable against pho.obleachtng, and are 
apptoximately one-third as wide in the emission spectral linewidth. See, for example. 
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Bruchez et al., Science, 281:2013-2016 (1998); Chan andNie, Science, 281:2016-2018 
(1998)- Bawendi et al.. Annu. Rev. Phys. Chem. 41:477-496 (1990), and references cited 
therein, all of which are expressly incorporated by reference. The brightness, stability and 
narrowness of emission bandwidth all contribute to the ability to use a relatively large 
number of different colors as further described below (i.e. different size nanocrystals) while 
preserving the ability to resolve them from each other, and to resolve different quantities of 
each nanocrystal. In addition, the broad excitation spectrum allows many different 
nanocrystals to be excited by a common light source. 

The use of microsphere arrays allows the synthesis ofthe candidate agents (i.e. compounds 
such as nucleic acids and antibodies) to be divorced from their placement on an array, i.e. the 
candidate agents may be synthesized on the beads, and then the beads are randomly 
distributed on a patterned surface. The random placement of the beads on the surface means 
that the array must be "decoded", i.e. after the array is made, a correlation of the location of 
an individual site on the array with the bead or candidate agent at that particular site can be 
made This means that the beads may be randomly distributed on the array, a fast and 
inexpensive process as compared to either the in situ synthesis or spotting techniques ofthe 
prior art. These methods are generally outlined in PCT US98/05025 and U.S.S.N.s 
08/818,199 and 09/1 51,877, all of which are expressly incorporated herein by reference. The 
use of nanocrystals as described herein improves upon the methods formerly described. 

Since the placement ofthe bioactive agents is generally random, a coding/decoding system is 
required to identify the bioactive agent at each location in the array. This may be done m a 
variety of ways, as is more fUlly outlined below, and generally includes: a) the use of optical 
signatures, including nanocrystals; b) the use a decoding binding ligand (DEL), generally 
directly labeled, that binds to either the bioactive agem or to identifier binding ligands (IBLs) 
attached to the beads; c) positional decoding, for example by either targeting the placement of 
beads (for example by using photoactivatible or photocleavable moieties to allow the 
selective addition of beads to particular locations), or by using either sub-bundles or selective 
loading ofthe sites, as are more fully outlined below; d) selective decoding, wherein only 
those beads that bind to a target are decoded; or e) combinations of any of these. In some 
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cs^s as is more fully ouUined Wo». decodmg may occur for all fte be^, or only for Urose 
to, bind a parricular target analyte. Sitnilarly. this may occur either prior to or after addmon 
ofatargetanalyte. 

in the preferred embodiment, each assay or component provided utilizes at least one 
component which comprises a, least one nanocrystal. TTte nanocrystals described herem may 
be used in two geneml ways. In a preferred embodiment, nanocrystals are used as all or par, 
of optical signatures of the beads; that is, the beads are "coded" wift nanocrystals. 
Alternatively, the nanocrystals can be used as labels in assays; for example, a target nucletc 
acid may be labeled with nanocrystals and used to detect the target nucletc acd. Both 
systems are mote fully outlined below. 

Once the identity (..e. the actual agent) and locaUon of each microsphete in the array has been 
flxed flte array is exposed to samples containing the target analytes, although as outlmed 
below this can be done prior to or during the analysis as well. The target analy.es wtU bmd 
u> the bioactive agents as is more fully outlined below, and results in a change in the optical 
signal of a particular bead. In another embodiment, also more fully outlined below, the target 
analyte comprises at least one nanocrystal. 

In the present invention, "decoding" can use optical signatures, decoding binding ligands tha, 
are added during a decoding step, or a combination of these metitods. The decoding binding 
ligands will bind either ,o a distinct identifier binding ligand partner Oiat is placed on Uie 
heads, or to .he bioactive agent itself, for example when the beads comprise single-sU^ded 
nucleic acids as the bioactive agents. The decoding binding ligands are either directly or 
indirectly labeled, and thus decoding occurs by detecting the presence of the label. In the 
preferred embodiment, the label comprises at least one nanocrystal. By using pools of 
decoding binding ligands in a sequential fashion, i. is possible to greatly minimize the 
number of required decoding steps. 

Accordingly, the present invention provides array compositions comprising at least a first 
substrate with a surface comprising individual sites. By "array" herein is meant a plurality of 
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c^didate agen^ in an aoay fonna.-, fte size of the array will depend on fte composition and 
end use of array. Arrays containing from about 2 different bioactive agents (i.e. dtiferen. 
beads) ,0 many millions can be made, with very large fiber optic arrays being possible. 
Generally, the anay will comprise from two to as many as abillion or more, depending on the 
size of the beads and the substrate, as well as the end use of the anay. thus ve^- high denstty, 
high density, moderate density, low density and vety low density anays may be made. 
Prefened ranges for very high density arrays are from about 10,000,000 u> about 
2 000 000 000. (with all numbers being per square centimeter) with from about 100,000,000 
.0 about 1 ,000,000,000 being preferred. High density arrays range abom 100,000 to about 
10 000 000, with from about 1,000,000 to about 5,000,000 being particularly preferred. 
M^derlte density arrays range ftom about 10.000 to about 100,000 being particularly 
preferred and from about 20,000 to about 50,000 being especially preferred. Low densrty 
arrays are generally less than 1 0,000. with from about 1 ,000 to about 5,000 being preferred. 
Very low density arrays are less than 1 .000, with from about 10 to about 1 000 betng 
preferred, and from about 100 to about 500 being particularly prefentd. In some 
embodiments, the compositions of the invention may not be in array format; 4at is, for some 
embodiments, compositions comprising a single bioactive agent may be made as well. In 
addition, in some arrays, multiple substrates may be used, either of differem or identical 
compositions. Thus for e We, large a.ays may comprise a ptality of smaller substrates. 

I„ addition, one advantage of the present compositions is that particularly through the use of 
fiber optic technology, extremely high density arrays can be made. Thus for example, 
because beads of 200 ,m or less (with beads of 200 mn possible) can be used, and very small 
fibers are known, h is possible to have as many as 250,000 or more (in some instances, 1 
million) different fibers and beads in a 1 mm' fiber optic bundle, with densities of greater 
than 15,000.000 individual beads and fibers (again, in some instances as many as 25-50 
million) per 0.5 cm- obtamable. 

By "substrate" or "solid support" or other grammatical equivalents herein is meant any 
material titat can be modified to contain discrete individual sites appropriate for the 
anachmen. or association of beads and is amenable to at least one detection method. As w,ll 


8 


10 


15 


20 


25 


30 


PCT/USOO/13940 
WO 00/71995 

be appreciated by Aose in art, fte number of possible subsUa.es is very large. Possible 
sub^rates include, bu, are no, limited to, glass and tnodified or toctionalized glass, piastres 

(including acrylics, polystyrene and copolymers of styrene and other materials, 
polypropylene. polyemylene,polybu,ylene,polyure.ha«es,Teflon™,=te.),polysacchandes, 

nylon or nitrocellulose, resins, silica or silica-based materials including silicon and modtfied 
silicon, carbon, metals, inorganic glasses, plastics, optical fiber bundles, and avariety of other 
polymers. In general, the substrates allow optical detection and do not themselves appreerably 
fluorescese. 

Generally the substrate is flat (planar), although as will be appreciated by those in the art, 
other configurations of substrates may be used as well; for example, three dimensional 
configurations can be used, for example by embedding the beads in a porous block of plast,c 
that allows sample access to the beads and using a confocal microscope for detection. 
Similarly, the beads may be placed on the inside surface of a tube, for flow-through sample 
analysis to minimize sample volume. Preferred substrates include optical fiber bundles as 
discussed below, and flat planar substrates such as glass, polystyrene and other plastics and 
acrylics. 

In a preferred embodiment, the substrate is an optical fiber bundle or array, as is generally 
described in U.S.S.N.s 08/944,850 and 08/519,062, PCT US98/05025, and PCT US98/09163, 
all of which are expressly incorporated herein by reference. Prefened embodiments utihze 
preformed unitary fiber optic arrays. By "preformed unitary fiber optic array" herein is meant 
an anay of discrete individual fiber optic strands that are co-axially disposed and joined along 
their lengths. The fiber strands are generally individually clad. However, one thing that 
distinguished a preformed unitary array from other fiber optic formats is that the fibers are 
not individually physically manipulatable; that is, one strand generally cam.ot be physically 
separated at any point along its length from another fiber stfand. 

At least one surface of the substrate is modified to contain discrete, individual sites for later 
association of microspheres (or, when microspheres are not used, for the attachment of the 
bioactive agents). These sites may comprise physically altered sites, i.e. physical 
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configurations such as wells or small depressions in the substrate that can retain the beads, 
such that a microsphere can rest in the well, or the use of other forces (magnetic or 
compressive), or chemically altered or active sites, such as chemically functionalized sites, 
electrostatically altered sites, hydrophobically/ hydrophilically functionalized sites, spots of 
adhesive, etc. 

The sites may be a pattern, i.e. a regular design or configuration, or randomly distributed. A 
preferred embodiment utilizesaregularpattemofsites such that the sites may be addressed 

in the X-Y coordinate plane. "Pattern" in this sense includes a repeating unit cell, preferably 
one that allows a high density of beads on the substrate. However, it should be noted that 
these sites may not be discrete sites. TTiat is, it is possible to use a uniform surface of 
adhesive or chemical functionalities, for example, that allows the attachment of beads at any 
position. That is, the surface of the substrate is modified to allow attachment of the 
microspheres at individual sites, whether or not those sites are contiguous or non-contiguous 
with other sites. Thus, the surface of the substrate may be modified such that discrete sites 
are formed that can only have a single associated bead, or alternatively, the surface of the 
substrate is modified and beads may go down anywhere, but they end up at discrete sites. 

In a preferred embodiment, the surface of the substrate is modified to contain wells, i.e. 
depressions in the surface of the substrate. This may be done as is generally known in the art 
using a variety of techniques, including, but not limited to, photolithography, stamping 
techniques, molding techniques and microetching techniques. As will be appreciated by those 
in the art, the technique used will depend on the composition and shape of the substrate. 
When the first substrate comprises both the assay locations and the individual arrays, a 
preferred method utilizes molding techniques that form the bead wells in the bottom of the 
assay wells in a microliter plate. 

In a preferred embodiment, physical alterations are made in a surface of the substrate to 
produce the sites. In a preferred embodiment, for example when the second substrate is a 
fiber optic bundle, the surface of the substrate is a terminal end of the fiber bundle, as is 
generally described in 08/818,199 and 09/151,877, both of which are hereby expressly 
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„.ed by reference. In e^bodtaen,, wells are made in a — or end of a 
fiber op^c brmdle eomprising individual Bbers. In embodiment, cores of *e 
individual fber. are etched, wid, respec, .o dre cladding, such dra. small wells or depressions 
are fomted a. one end of dre fbers. T%e required depd, of dre wells will depend on .he s.e of 
the beads to be added to the wells. 

Generally in dds embodimen,, dre microspheres ^ non-covalendy associated in d,e wells, 
aldtough me wells may additionally be chemically flmctionalized as is gene^lly descnbed 
below,cross-linld„g agents may be used, oraphysical barrier may beused,i.e.aiilmor 

membrane over the beads. 

,n a preferred embodiment .he surface of the subs.ra.c is modified to contain ehemieally 
modified si.es, to. can be used ,o amch, eidter covalenUy or non^eovalenUy, dre 
microspheres of dre inve„.ion .0 .be disce si.es or locadons on d,e subs«a.e. Chemtcaliy 
modified sites" in dris con.ex, includes, bu. is no. limi.ed ,o, Ure addiUon of a pa.«rn of 
chemical funcional groups including amino groups, carboxy groups, oxo groups and Arol 
g„„ps. d,a, can be used to covalently attach microspheres, which generally also con«.n 
corresponding reaCivefuncUona. groups; aeaddiUo„ofapanemofadhesive.ha,canbe 

used .0 bind *e microspheres (eidrer by prior chemical fimctionalization for d.e addtnon of 
the adhesive or direct addition of fte adhesive); .he addi.ion of a pattern of charged groups 
(Similar ro .he chemical func.ionali.ies) for .he elecuos.a.ic a.uchnen. of Ae microspheres, 
i e when fte microspheres comprise charged groups opposi.e .o d,e si.es; .he addiuon of a 
panem of chemical functional groups .ha. renders *e si.es differenttaily hyd™phob,c or 
hydrophilic. such .ha. .he addi.ion of similarly hydrophobic or hydrophilic microspheres 
under suiuble experime„«l condi.ions will resul. in association of .he microspheres .o .he 
sius on d,e basis of hydroaffmi.y. For example, .he use of hydrophobic si.es w,dt 
hydrophobic beads, in an aqueous system, drives d,e association of the beads preferentially 
on.o Ute si.es. As ou.li„ed above, in .his sense irtCudes ti,e use of a umform 

.reatmentof .he surfaceto allow attachmen. of Acbeads a. discreusi.es. as well astieanuen. 

of d,e surface resulting in discrere si.es. As will be apprecia.ed by U,ose in .he ar.. .hrs may 
be accomplished in a variety of ways. 
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-me compositions of the invention further comprise a population of microspheres. By 
"population" herein is meant a plurality of beads as outlined above for anays. Withm the 
population are separate subpopulations, which can be a single microsphere or multiple 
identical microspheres. 'H.at is, in some embodiments, as is more My outlined below, the 
array may contain only a single bead for each bioactive agent; preferred embodiments ut.hze 
a plurality of beads of each type. 

By "microspheres" or "beads" or "particles" or grammatical equivalents herein is meant small 
discrete particles. The composition of the beads will vary, depending on the class of boactive 
agent and the method of synthesis. Suitable bead compositions include those used m peptide, 
nucleic acid and organic moiety synthesis, including, but not limited to, plastics, ceramics, 
glass polystyrene, methylstyrene, acrylic polymers, paramagnetic materials, thona sol, 
carbon graphited, titanium dioxide, latex or cross-linked dextrans such as Sepharose, 
cellulose, nylon, cross-linked micelles and teflon may all be used. "Microsphere DetecUon 
Guide" from Bangs Laboratories, Fishers IN is a helpful guide. 

beads need not be spherical; irregular particles may be used. In addition, the beads may 
be porous, thus increasing the surface area of the bead available for either bioactive agent 
attachment or tag attachment. The bead sizes range from nanometers, i.e. 100 nm, to 
millimeters, i.e. 1 mm, with beads from about 0.2 micron to about 200 microns bemg 
preferred, and from about 0.5 to about 5 micron being particularly prefened, although m 
some embodiments smaller beads may be used. 

It should be noted that a key component of the invention is the use of a substrate/bead pairing 
that allows the association or attachment of the beads at discrete sites on the surface of the 
substrate, such that the beads do not move during the course of the assay. 

Each microsphere comprises a bioactive agent, although as will be appreciated by those in the 
art there may be some microspheres which do not contain a bioactive agent, dependmg the 
on the synthetic methods. By "candidate bioactive agent" or "bioactive agent" or "chemical 
functionality" or "binding ligand" herein is meant as used herein describes any molecule, e.,. 
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proKin. oligopeptide, small orgamc molecule, coordination complex, polysaccharide, 
polynucleotide, etc. which can be attached (either covalendy or non-covalently) to the 
microspheres of the invention. It should be understood that the compositions of the invcnUon 
have two primary uses. In a preferred embodiment, as is more Mly ouUined below, the 
composiUons ate used to detect the presence ofaparticular target an^yte; for example. *e 

presence or absence of a particular nucleotide sequence or a particular protein, such as a„ 
enzyme an antibody or an antigen. In an alternate preferred embodiment, the composifons 
^used to screcnbioactive agents. i.e. drug candidates, for binding toaparticular target 

analyte. 

Bioactive agenU encompass numerous chemical classes, though typically they ate organic 
molecules, preferably small organic compounds having a molecular weight of more than 100 
and less than about 2.500 daltons. Bioactive agents comprise toctional groups necessary for 
s.ruct„ralinteractionwithprotei„s,partieularlyhydrogenbonding.andtypicallyinc,udeat 

least an amine, carbonyl, hydroxyl or carboxyl group, prcfetably at least two of the tacnona. 
chemical groups. The bioactive agents often comprise cyclical carbon or heterocychc 
structures and/or aromatic or polyaromatic structures substituted with one or more of the 
above functional groups. Bioactive agents are also found among biomolccules includmg 
peptides, nucleic acids, saccharides, fatty acids, steroids, purines, pyrimidincs, denvattves, 
structural analogs or combinations thereof. Particularly preferred are nucleic acds and 
proteins. 

Bioactive agents can be obtained &om a wide variety of sources including libraries of 
synthetic or natuml compounds. For example, numerous means arc available for random and 
directed synthesis of a ™de variety of organic compounds and biomolccules, includmg 
expression of randomized oligonucleotides. Altentatively, libraries of natural compounds m 
the fonn of bacterial, togal, plan, and animal extracts are available or readily produced. 
Additionally, natural or synthetically produced libraries and compounds are readily mod.fed 
teough conventional chemical, physical and biochemical means. Known pharmacologtcal 
agents may be subjected to directed or random chemical modifications, such as acylauon. 
alkylation. csterification and/or amidification to produce stnictural analogs. 
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In a preferred embodiment, the bioactive agents are proteins. By "protein" herein is meant at 
least two covalently attached amino acids, which includes proteins, polypeptides, 
oligopeptides and peptides. The protein may be made up of naturally occurring amino acids 
and peptide bonds, or synthetic peptidomimetic structures. Thus "amino acid", or "peptide 
residue", as used herein means both naturally occurring and synthetic amino acids. For 
example, homo-phenvlalanine, citrulline and norleucine are considered amino acids for the 
purposes of the invention. The side chams may be in either the (R) or the (S) configuration. 
In the preferred embodiment, the amino acids are in the (S) or L-configuration. If non- 
naturally occurring side chains are used, non-amino acid substituents may be used, for 
example to prevent or retard in vivo degradations. 

In one preferred embodiment, the bioactive agents are naturally occurring proteins or 
fragments of naturally occurring proteins. Thus, for example, cellular extracts containing 
proteins, or random or directed digests of proteinaceous cellular extracts, may be used. In 
this way libraries of procaryotic and eukaryotic proteins may be made for screening in the 
systems described herein. Particularly preferred in this embodiment are libraries of bacterial, 
fnngal, viral, and mammalian proteins, with the latter being preferred, and human proteins 
being especially preferred. 

In a preferred embodiment, the bioactive agents are peptides of from about 5 to about 30 
amino acids, with from about 5 to about 20 amino acids being prefened, and from about 7 to 
about 15 being particularly preferred. The peptides may be digests of naturally occurring 
proteins as is outlined above, random peptides, or "biased" random peptides. By 
"randomized" or grammatical equivalents herein is meant that each nucleic acid and peptide 
consists of essentially random nucleotides and amino acids, respectively. Since generally 
these random peptides (or nucleic acids, discussed below) are chemically synthesized, they 
may incorporate any nucleotide or amino acid at any position. The synthetic process can be 
designed to generate randomized proteins or nucleic acids, to allow the formation of all or 
most of the possible combinations over the length of the sequence, thus forming a library of 
randomized bioactive proteinaceous agents. 
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U, a p.f=.=d cmbodin-en. a library of bioacUve age„« are used. The library shouM provide 
alciendys— ydive^Popu,a.io„ofbioac«vea,er,«»effec.ap»bab..sU^^^^^ 

.,.ffieie„tran.eofbindin,<o.ar,e.a„aIy.es. — y.aninterac cnUbrary.^^^ 
..ge enou^soOrata, leas, o„eoti. — wil,haveas«uc»e.ba.s.v=s.affim.y for 

J,ar,e.ly«. «iUsdimeuH».au,e*e.e,uiredabsolu.esi«o — 
library ...ur.providesahin.wifl.U.ei^respor^-.adiversiryoflO'-lO.d.fferen- 

antibodies provides a. leas, one combination wi* suffleien. affinity to i.«rae, w,* most 
po^ntialantigensfaeedbyanorganism, Publishedin vi.ro seleaionrecbni^ues have ^so 

shov™ iha. a library size of .0' .o 1 0' is suffieiem .o And s^r^es affin,.y for * 
targe. Thus, in a preferred en,bodin,en,, a. leas. 10', preferably a. leas. 10', more pref ..bly 
a, leas, 10" and mos. preferably a. leas, 10' differ^,, bioactive agen,s are simuluneously 
analyzed in .he subjec. me^ods. Preferred metirods maximize library size and diversUy. 

,n a preferred embodimen., fl,e libr^ is fully randomized, witi, no sequence preferences or 
cons»,.sa,anyposi,ion. .n a preferred embodimen., *e library is biased. m..s some 
position within tire sequence are ei*er held consran., or are selected from a lm,„ed n^ber 
„, possibilities. For example, in a preferred embodiment *e nucleotides or ammo ae,d 
„sidues are randomly »i*in a defined class, for example, of hydrophobic amrno aerds. 
hydrophilie residues, srertcally biased (eidrer small or large) residues, towards tite creation 
cysteines, for cross-liricing, prolines for SH-S domains, serines, threonines, tyrosmes or 
histidines for phosphorylation si.es, etc., or to purines, e.c. 

,„ a preferred embodiment, the bioactive agents are nucleic acids (generally called "probe 
„uc,eicacids"or"eandida.= p,.bes"herein,. By "nucleic acid" or "oUgonucleoUde' or 
grammatical equivalent he^n means a. leas, .wo nuc.eo.ides covalen.ly linlced together, 
nucleic acid of the present invention will generally co„«in phosphodies.er bonds, aUhough m 
some cases, as ou.lined below, nucleic add analogs are included .ha. may have alternate 
backbones, comprising, for example, phosphoramide (Beaucage, e, al. Tetrahedron^ 
49(10)- 1925 (1993) and references therein; Letsinger, LOrfcihcnL, 35:3800 (1970). 
, sprinzl, « al.rn.!^^. S.-.579 (1977); Letsinger, er al, mlMMB^- 

(1986); Sawai. e, CtemiaL. 805 (1984), Letsinger, e, al., LMm^. "O^^'O 
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l,,,^,^^. W.,437 (.991); and U.S. Pa..n.No. 5.644,04S,. phosphorod«h.oa.e 
(Briu e,al lJ,m.£taLfein:2321(1989)),0-me*ylphophoroam^^^^ 
L;e.,0;.o„ucUo.:aesa».A.,o.oes:^PracUca,^^^^^^^ 

pep,ide nuCeic acid backbones li^^ages (s« Eghota. ^^^^^^^ l^^Zy 
0995.; Mder, e, a/.. m^MSmL 31;1008 (1992); Nielsen, !te 365:5 6 (1 W3), 
Carfsso. e, a,. , ^ 3».:207 (.996), aU of wi^ch are i„co:po««d by reference)) Ote 
.^.og nuCeic adds inCude fl,os= »id, positive backbones (Denpcy. e, ,./. . B^^^^ 
™, ,2:6097 (1995)); non-ionie backbones (U.S. PatentNos. 5,386,023; 5,637, 84; 
5 602 240; 5,2.6,141; and 4.469,863; Kiedrowshi, « a,.,&m^^,^tmLMLSi£^ 
30:423 (1991); LeUinger, « l.^„u£h^. U0:4470 (1988); LCsinger, e, a,.. 
Nucleosides ^ N.c,eo.des, .3:.597 (.994); Chapters 2 and 3, ASC Synrposr» Senes 80, 
••Carbohydrate Modiflcations in Andsense Research", Ed. Y.S. Sanghui and P. Dan Cook; 
Mesn,aeker, « m.:,^,.&M.m^>0^^ 4:395 (.994); leffs, e,aL, L 
Bi,„„i,,,teNMR. 34:.7 (1994); Tetrahedron Un.. 37:743 (1996)) and non-n^se 
backbones, incMingthose described inU.S. PatentNos. 5,235,033 and 5,034,506, and 
Chapters 6 and 7, ASC Syn,posium Series 580, "Carbohydrate Modiflcations ,n Anusensc 
Research", Ed. Y.S. Sanghui and P. Dan Cook. Nucleic acids containing one or more 
carbocyelic sugars are also included within the deflnition of nucleic acids (see len^ms e, 
£H,,^S^(1995)pp. .69..76). Several nuc.eic acid anaiogs are descnbed ,n Raw.s, 
C&ENews,June2,.997,page35. All of these references are hereby expressly 
incorpo^ted by reference. These modifications of the ribose-phosphate backbone may be 
done ,0 facilitate the addition of addidonal moieties such as labels, or to increa« the stabrhty 
and half-life of such molecules in physiologica. environments; for example, PN A .s 
partieu.ar.y prefer^. .» addidon, mixtures of naturai.y occurring nuc.eic acids and a^ogs 
canbemade. A..emanve.y, matures of different nuc.eie acid analogs, and mtxbtres of 
nanrrdiy occv^ng nuCeie acids and anaiogs may be made. The nuCeic acids may be smg.e 
suanded or doub.e stranded, as specified, or contain portions of both double stranded or 
singie stranded sequence. The nuc.eic acid may be DNA. both genomic and cDNA. RNA or 
a hybrid, where the nuCeic acid conuins any combination of deoxyribo- and nbo- 
nucieotides. and any combinaUon of bases. inCuding uracil, adenine, thymine, cytosme. 
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guanine, inosine, xanthanine, hypoxanthanine. isocytosine, isoguanine, and base analogs such 
as nitropyrrole and nitroindole, etc. 

As described above generally for proteins, nucleic acid bioactive agents may be naturally 
occurring nucleic acids, random nucleic acids, or "biased" random nucleic acids. For 
example, digests of procaryotic or eukaryotic genomes may be used as is outlined above for 
proteins. 

In general, probes of the present invention are designed to be complementary to a target 
sequence (either the target analyte sequence of the sample or to other probe sequences, as is 
described herein), such that hybridization of the target and the probes of the present invention 
occurs. This complementarity need not be perfect; there may be any number of base pair 
mismatches that will interfere with hybridization between the target sequence and the single 
stranded nucleic acids of the present invention. However, if the number of mutations is so 
great that no hybridization can occur under even the least stringent of hybridization 
conditions, the sequence is not a complementary target sequence. Thus, by "substantially 
complementary" herein is meant that the probes are sufficiently complementary to the target 
sequences to hybridize under the selected reaction conditions. High stringency conditions are 
known in the art; see for example Maniatis et al., Molecular Cloning: A Laboratory Manual, 
2d Edition, 1989, and Short Protocols in Molecular Biology, ed. Ausubel, et al., both of 
which are hereby incorporated by reference. Stringent conditions are sequence-dependent 
and will be different in different circumstances. Longer sequences hybridize specifically at 
higher temperatures. An extensive guide to the hybridization of nucleic acids is found in 
Tijssen, Techniques in Biochemistry and Molecular Biology-Hybridization with Nucleic 
Acid Probes, "Overview of principles of hybridization and the strategy of nucleic acid 
assays" (1993). Generally, stringent conditions are selected to be about S-IO'C lower than 
the thermal melting point (T J for the specific sequence at a defined ionic strength pH. The 
T„ is the temperature (under defined ionic strength, pH and nucleic acid concentration) at 
which 50% of the probes complementary to the target hybridize to the target sequence at 
equilibrium (as the target sequences are present in excess, at T„, 50% of the probes are 
occupied at equilibrium). Stringent conditions will be those in which the salt concentration is 
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less d,an about 1 .0 M sodium ion. typically about 0.01 .0 1 .0 M sodium ion concentration (or 
ote salts) at pH 7.0 to 8.3 and dte temperature is at leas, about BO'C for short probes (e.g. 10 
,„ 50 nucleotides) and at leas, about 60-C for long probes (e.g. greater than 50 nucleotides). 
Stiingentconditionsmayalsobe achieved withthe addition of destabilizingagents such as 

fonnamide. In another embodiment, less sningent hybridization conditions are used; for 
example, moderate or low stringency conditions may be used, as are known in the art; see 
Maniatis and Ausubel, supra, and Tijssen. supra. 

Tl. term 'target sequence" ox grammatical equivalents herein means a nucleic acid sequence 
on a single strand of nucleic acid. Tlie target sequence may be a portion of a gene, a 
regulatory sequence, genomic DNA, cDNA. RNA including mRNA and rRNA. or others. It 
may be any length, with U>e understanding that longer sequences are more speciflc. As w,U 
be apprecUted by fltose in the art, the complementary target sequence may take many fom-s. 
For example, ■. may be contained within a larger nucleic acid sequence, i.e. all or part of a 
gene or mRNA, a restriction fragment of a plasmid or genomic DNA, among others. As ,s 
outlined more Mly below, probes are made to hybridize to target sequences to detemrme |he 
presence or absence of fte uuget sequence in a sample. Generally speaking, this term wtll be 
understood by those skilled in the art. 

m a preferred embodiment, the bioactive agents are organic chemical moieties, a wide variety 
of which are available in the literature. 

in a preferred embodiment, each bead comprises a single type of bioactive agent, although a 
plurality of individual bioactive agents are preferably attached to each bead. Similarly, 
preferred embodiments utilize more than one microsphere containing a unique bioactive 
agent- that is, there is redundancy buih into the system by the use of subpopulations of 
microspheres, each microsphere in the subpopulation containing the same bioactive agent. 

As will be appreciated by those in the art, the bioactive agents may either be synthesized 
directly on the beads, or they may be made and then attached after synthesis. In a preferred 
embodiment, linkers are used to attach the bioactive agents to the beads, to allow both good 
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attachment, sufficient flexibiUty to allow good interaction with the target molecule, and to 
avoid undesirable binding reactions. 

In a preferred embodiment, the bioactive agents are synthesized directly on the beads. As is 
known in the art, many classes of chemical compounds are currently synthesized on solid 
supports, such as peptides, organic moieties, and nucleic acids It is a relatively 
straightforward matter to adjust the current synthetic techniques to use beads. 

In a preferred embodiment, the bioactive agents are synthesized first, and then covalently 
attached to the beads. As will be appreciated by those in the art, this will be done depending 
on the composition of the bioactive agents and the beads. The functionalization of solid 
support surfaces such as certain polymers with chemically reactive groups such as thiols, 
amines, carboxyls, etc. is generally known in the art. Accordingly, "blank" microspheres may 
be used that have surface chemistries that facilitate the attachment of the desired functionahty 
by the user. Some examples of these surface chemistries for blank microspheres include, but 
are not limited to, amino groups including aliphatic and aromatic amines, carboxylic acids, 
aldehydes, amides, chloromethyl groups, hydrazide, hydroxyl groups, sulfonates and sulfates. 

These functional groups can be used to add any number of different candidate agents to the 
beads, generally using known chemistries. For example, candidate agents containing 
carbohydrates may be attached to an amino-functionalized support; the aldehyde of the 
carbohydrate is made using standard techniques, and then the aldehyde is reacted with an 
amino group on the surface. In an alternative embodiment, a sulfhydryl linker may be used. 
There are a number of sulfhydryl reactive linkers known in the art such as SPDP, maleimides, 
a-haloacetyls, and pyridyl disulfides (see for example the 1994 Pierce Chemical Company 
catalog, technical section on cross-linkers, pages 155-200, incorporated herein by reference) 
which can be used to attach cysteine containing proteinaceous agents to the support. 
Alternatively, an amino group on the candidate agent may be used for attachment to an amino 
group on the surface. For example, a large number of stable bifunctional groups are well 
known in the art, including homobifiinctional and heterobifunctional linkers (see Pierce 
Catalog and Handbook, pages 155-200). In an additional embodiment, carboxyl groups 
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(either from the surface or from the candidate agent) may be derivatized using well known 
linkers (see the Pierce catalog). For example, carbodiimides activate carboxyl groups for 
attack by good nucleophiles such as amines (see Torchilin et al., Critical Rev. Therapeu tic 
r>^,f. r.rri.r Systems. 7f4):275-308 (1991), expressly incorporated herein). Proteinaceous 
candidate agents may also be attached using other techniques known in the art, for example 
for the attachment of antibodies to polymers; see Slinkin et al., Rinconi- Chem. 2 :342-348 
(1991); Torchilin et al., supra; Trubetskoy et al., Bioconj. Chem. 3:323-327 (1992); King et 
al, Cancer Res. 54 :6176-6185 (1994); and Wilbur et al., Rioronjupate Chem. 5:220-235 
(1994), all of which are hereby expressly incorporated by reference). It should be understood 
that the candidate agents may be attached in a variety of ways, including those listed above. 
What is important is that manner of attachment does not significantly alter the fimctionality 
of the candidate agent; that is, the candidate agent should be attached in such a flexible 
manner as to allow its interaction with a target. 

Specific techniques for immobilizing enzymes on microspheres are known in the prior art. In 
one case, NH, surface chemistry microspheres are used. Surface activation is achieved with a 
2.5% glutaraldehyde in phosphate buffered saline (10 mM) providing a pH of 6.9. (138 mM 
NaCl, 2.7 mM, KCl). This is stirred on a stir bed for approximately 2 hours at room 
temperature. The microspheres are then rinsed with ultrapure water plus 0.01%-0.02% tween 
20 (surfactant), and rinsed again with a pH 7.7 PBS plus 0.01% tween 20. Finally, the 
enzyme is added to the solution, preferably after being prefiltered using a 0.45nm amicon 
micropure filter. 

In a preferred embodiment, in addition to a bioactive agent, the microspheres comprise an 
optical signature that can be used to identify the attached bioactive agent. That is, each 
subpopulation of microspheres comprises a unique optical signature or optical tag that can be 
used to identify the unique bioactive agem of that subpopulation of microspheres; a bead 
comprising the unique optical signature may be distinguished from beads at other locations 
with different optical signattires. As is outlined herein, each bioactive agem will have an 
associated unique optical signamre such that any microspheres comprising that bioactive 
agent will be identifiable on the basis of the signamre. As is more fully omlined below, it is 
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possible to reuse or duplicate optical signatures within an array, for example, when another 
level ofidentification is used, for examplewhen beads of differentsizes are used, orwhen the 

airay is loaded sequentially with different batches of beads. 

In a preferred embodiment, the optical signature is generally a mixture of nanocrystals. By 
"nanocrystal", "quantum dot" or "semiconductor cluster" herein is meant a particle less than 
30 nm that displays luminscence. However, it is understood that a single nanocrystal can 
serve as an optical signature. By varying the material, size and concentration of the 
nanocrystal, matrices of unique tags may be generated. This may be done by attachmg the 
nanocrystals to the surface of the beads, or alternatively, by embedding the nanocrystals 
within the bead, as is outlined below. 

la a preferred embodiment, different concentrations of nanocrystals can be used as different 
codes In a preferred embodiment, the encoding can be accomplished in a ratio of at least two 
different nanocrystals, wherein the nanocrystals can be differentby size and/ormatenal, 

although more encoding dimensions may be added such as in the size of the beads, for 
example. In addition, the labels are distinguishable from one another, thus two different 
labels may comprise different molecules (i.e. two different sizes or materials) or, 
alternatively, one label at two or more different concentrations or intensities. Thus, ratios of 
20 different concentrations can be done as well. 

The ability of a particular nanocrystal mixture to encode for different chemical fiinctionalities 
depends on the resolution of the ratiometric measurement. Conservatively, any nanocrystal 
pair should provide the ability to discriminate at least twenty different ratios. The number of 
25 unique combinations of two nanocrystals made with a particular nanocrystal set is shown in 
the following Table 1. 

Table I 


15 


30 


Number of 
nanocrystals in set 

Combinations 
possible 

3 

3 
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4 

6 

5 

10 

6 

15 


Thu., using six nanocrys^s and ^vemy distinct ratios for each nanocrystal pair. 300 separate 
chemical tocionalities may be encoded in a given population of microsphe^. Combtnmg 
more than two nanocrystals provides additional diversity in the encoding combmauons. 
Furthermore, .he concentration of the nanocrystals will contribute to their imenstty; thus 
intensity is another way to increase the number of uni,ue optical signatures. In addmon, 
extra "bits" of the combination set may be used for error correction as is known m the art. 

,„ another example, four nanocrystals differing in particle size at ten distinguisable intensity 
levels (i.e. different amo^tts of nanocrystals in each mixture) gives 10< or 10,000 codes. 

men combinations of nanocrystals are used, a preferred embodiment combines the sets such 
Ura. the emission range of the target signal is empty; titat is, rather Utan detect an increase m 
absorption at the particular wavelength of tite target si^al due to the presence of a codmg 
signal, nanocrystals emitting at «te target signal wavelength are not used. This allows more 
sensitive detection. 

,„ nanocrystals. the absorbance onset and emission maximum shift to higher energy with 
decreasing size. The excitation tracks the absorbance, resulting in atunable fluorophore that 
that can be excited efficiently at any wavelength shorter than the emission peak yet wtll emt, 
with the same characteristic narrow, symmetric spectrum regardless of the exctatton 
wavelength. Variation of the material used for the nanocrystal and variation of the s.ze of the 
nanocrystal afford a spechal range of a, least 400 nm to 2 ,m in the peak emission, wtth 
typical emission widths of 20 to 30 mn at room temperature (full width a, half maximum 
(FWHM)) in the visible region of the spectrum and large exUnction coefTtcients tn the vtstble 
and ultraviolet range (approximately 10- M ' cm'). Narrower emission widths may be 
obtained at lower temperatures. 
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Metallic and magnetic nanocrysUls, with fte appropriate organic derivati^tion of the 
.^ace. havebecnpreviously described. See. e.g., Bruchez, .upra,ChananaNie,^pra. 

Miltenyi. e. al.. Cytometry. 1 1:231 (1990); LaCle, Histochem. Cell Biol.. 106:9 ( W6 ; 
Hermann etal., Histochem. Cell Biol.. 106:31 (1996); Elghanlan. e, al.. Science. 277:1078 

, X, . isi.finon<)96VMirkin etal.,Natnre.382:607(1996);and 
(1997)- AUvisatos, et al., Nature, 3S2.609 (1W6). MitKin, ei 

Beverl'oo, et al.. Cytometry. 1 1 :784 (1990). Preferred materials include CdSe. InP, InAs, 
GaAs and CdS. 

Bandgap engineering concepts borrowed from materials science and electn,nics have led to 
the development of core-shell nanocrystals. By enclosing a core nanocrysta. of one matenal 
™,h a shell of another havmg a larger bandgap. one can efficiently confine the excitauon to 
the core, eliminating nonradiative relaxation pathways and preventing photochemtcal 
degradation Thus, in a preferred embodinrent, the nanoc^stals comprise a core and a shell. 
For example, preferred embodiments include a CdSe core and a AnS or CdS shell. Other 
examples use CdS/HgS/CdS. InAs/GaAs, OaAs/AlGaAs and CdSe/ZnS. 

Additionally, in the most prefe^d embodiment, the nanocrystals are coated for increased 
solubility of the crysuls. Preferably, the coating is of silic. Moreover, the nanoc^stals can 
comprise mercaptoacetic acid for solubilization and covalent protein attachment. When 
reacted with ZnS-capped CdSe nanocrysuUs in chloroform, the mercapto group bmds to a Zn 
atom, and the polar carboxylic acid group renders the nanocrystal water soluble. The free 
carboxyl group is also available for covalen, coupling to various biomolecules (such as 
proteins, peptides, and nucleic acids) by cross-linking to reactive amine groups. Reagents 
which produce similar results can also be use. 

1„ preferred embodiments, the size of the nanocrystals contribute at least m part to the optical 
signature since the size of the nanocrysul is directly proportional to tite optical signanrre of 
an individual nanocrystal. As discussed above however, a number of other factors can 
contribute to tite optical signature such tita. flte number of unique optical signatures rs 
increased so titat a wide variety of target analytes can be searched and identified at one time. 
The nanocrystals can be manufactured having specific size specifications or they can be 
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„a„ufacn^d ,0 have a size disribudon and to a„ sorted by size. A variety of sumdard 
.ize separation techniques can be used to sort the nanocrystals such as. but not hnuled to 
chrotnatography. size filtration techniques and electrophoretic methods including cap^ary 
and mor« preferably, ftee flow electrophoresis. 

,n a preferred embodiment, the nanocrystals are covalently attached to the surface of the 
beads This .nay be done as is generally outlined for the attachment of the bioactive agents, 
using ftutctional groups on the surface of the beads. As will be appreciated by tirose m the art, 
these attachments are done to minimize tire effect on the nanocrystal. 

,„ a preferred embodiment, the nanocrystals are non-covalentiy associated with the beads, 
generally by embedding the nanocrystals in the bead matrix or pores of the beads. Thts may 
be done during synthesis of the bead. By incorporating label molecules (includmg 
nanocystds, coUodial metals, nanometer size particles, etc), into stable porous materials and 
then encapsulating them, extremely stable optically active beads are made, for use m thrs 
invention as well as otiter systems. Generally, this aspect of the invention includes soalung 
the porous material, such as porous silica, in a solution of dye and monomer, and/or 
crossUnking agent, and then rinsing the beads of any ftee dye and monomer on ihe surface of 
the porous material. The residueal material left in the pores is then polymerized, creating a 
non-diffusable barrier or in some cases actually covalently immobilizing the dye withm the 
pore Since the encoding molecules, including nanocrystals, are encapsulated mto the 
polymer, they will not come in direct contact with organic solutions, and will also be less 
Ukely to leach out during subsequent synthesis or assay. Moreover, since the encodmg 
molecules are physically trapped inside me polymer immobilized in the solid phase's pores, 
the dyes are spatially separated from any dyes on tite particle's surface (e.g. the target srgnal 
dyes), thus abrogating tire change of flourescence energy transfer or resonance electron 
transfer. Furthermore, this reduces the possibility of physical interaction, mcludtng 


aggregation. 


These encapsulated beads may be used not only in the present invention but also in diagnostic 
assays, labellmg of organelles and other cellular biological applications, analytical methods 
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including laser based flow ey.on,euy. eapiUary e.ecuophoresis, ma. spe^omeTy and 
spectroscopy (UV/VIS, IR, Near IR, FTIR, etc.). 

,„ addition, since this method does no, rely on the use of reactive groups on the dye for 
a«achmen.. dyes that are not easily derivatized wim such reactive groups can be used. 

A preferred method of encapsulation uUllzes so.-gel polynrerizaUon; see Corriu et aL Angew. 
Chen,, mt. Ed. Engl. 35:1420-1436 (1996), and ci,ed references, hereby incorpora,ed by 
reference in entirety. 

,„ one embodiment, the nanocrystals are added to U,e bioacive agen,. ra,her than the beads, 
although this is generally not preferred. 

AS an illustration of ,om,ing a bead, an aliquot of s.oe. microspheres are vacuum fflter^ » 
produce a dry ea.e. In one implementation, microsphere copolymers of me*yls«,rene (S7/., 
and divinylben^ne (13%) are used that have a 3.1 mie^meter (^m) diameter. The dry ca.e 
is then broken apart and a nanocrystal solution added to i, to encode optical s.gnatu^s of *e 
n,icrosphe,es v.th information concerning the intended surface chemical func,ional,t.s. 
Nanoctys^ls may be covalently bonded to the micosphere. surface, or. the m,crosph=res are 
placed in a nanocrys^l solu,ion preferably comprising a ratio of two or more nanocrystals 
dissolved in an organic solventthat will swell the microspheres, e.g.. dimethy—e 
(DMF). The length of time the microspheres are soaked in the nanocrystal soluUon w,ll 
detemine their intensi^' and ,he braadness of *e ratio range. 

U is understood that Ae nanocrystals can be used in conjunction with conventional 
fluorophores, such as organic dyes.Thus, an optical signa„rc may comprise a nanoerysul on 
one bead (or target, and an organic dye on ano*er bead (or target), or the optical s.gnature 
may comprise boft a nanocrysml and an organic dye on the same bead or Kget- 

,n some embodiments, the microspheres may addition^.y comprise identifier binding ligands 
fcruse in eertaindecoding systems. By "identifier b,„dingHga„ds"or»IBLs" herein ,s 
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„...aco.pouna«wiUspe.mca,ly«„dac„:.spondtagdec<K.e,bMi.g«^^^ 

!ILea„..haUhe.B.«„d.i.DBLwi*specifKi.ysum.en,.od«eb^^^ 
lTcLpondingDBLa„doteDBU,.ha...OBLsforo*crIBLs,,oro*erco»po„^^^^ 

:iZa„uon.= s..™. T.e«„.s«d.su«cU„uo— ^^^^^^ 
Luo„.ofd,ed«odi„g.ep,«udi..wash.eps.ore.ove„o„-spec.ficb.d.„s..n 

:l„.odi»=n..fo.exa«p,e«H»*emUa„dco„.po„d..DBLsa..^^^^^^^^^ 

M-.>.hleS3,hanabou.lO->.o.O'M-beingprefe.edand>essAa„abou..O -.0 M 
being particularly preferred. 

,BL.DBL binding pairsa^y^ownorcan be readily found using lu,ow„ -hni^ue^- f"' 
„an,pie.»ben.b=.BLi.ap™.ein,e,eOBL.inc,naep.o.ein.(pa«icn.ar,y — 

anybodies or fragments rbereof (FAbs, etc.)) or smali moiecuies, or v.ce versa (.he ,BL s an 
::ro!yandJDBLisapro.ein,.Me.,ion.,ne«,ionUgandsorebe.a.orspa,rsare.. 

^1 Antigen-antibody pairs, enzymes and substrates or inhibitors, other prote,n-pr„ e,n 
:13rs.recep.or.Hgands.con,pien,e„tarynuc,eieaeids.andca^^^^^^^^^^ 
:ZZers.e.sosuitab,ebi„di„gpairs. Nucieieaeid-nucieicac^^. ..pr^^^^^ 
pairs are also useful. Similarly, as is generally described in U.S. Patents 5,270,163, 

5,567,5SS, 5,595,S77, 3,«,,45. 5,6S3.S67,5,705.337, and related patents hereby 
^rporaedbyreferenee,nuc,eicacid"apt„n,ers»eanbedevelopedforbind.ngtov.^^^^^ 

:::get;suchaapto.er.targetpaircanbeusedas.he,BL.DBLpair Sitnilariy d^^^^^ 
ieblyofliterat^erelatingtothedevelopntentofbindingpairsbasedoncontb-natonal 

chemistry methods. 

,„apreferrede,nbodi,nent,.heDBLmaybea«aehedtoabead,i.e.aMecoderbead».- 
„aycarryalabelco,np,isingat,eastonenanocrys,al.As«=routli„edbelow,.heBI. 
OBLsystems canbeusedincombinationwithotherencodingor decoding sys^rns^ each 

case, the assay or components utili. at least one nanocrystal. Therefore, the IBL-DBL 
binding pairs need not comprise a nanocrystal in each instance. 
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,„ one e»bodunen., me IBL is a molecule who. color or lu.i„e.e„ce properties change in 
the presence of a selectively-binding DBL. For exan>ple, .he .BL may be a fluorescent pH 
Mcaror whose emission intensity changes with pH. Similarly, me IBL may be a fluorescent 
ion todicator, whose emission properties change wift ion concentratton. 

I„ one embodiment, me IBL or me DBL comprises at least one nanocrystal. »d its optical 
.gna^re changes upon the binding me DBL. In one embodiment, me ,BL and the DBL each 
comprise at least one nano^ystd, and me signal changes as a result of me interaction. 

Alternatively, me IBL is a molecule whose color or luminescence pt^pertias change in the 
presence of various solvents. For example, me IBL may be a fluorescent molecule such as an 
emidium salt whose fluorescence intensity Increases in hydrophobic environments. 
Similarly, me .BL may be a derivative of fluorescein whose color changes between aqueous 
and nonpolar solvents. 

,„ a prefened embodiment, me IBL-DBL pair comprise substantially complementary siugle- 
stranded nucleic acids. In mis embodiment, fte binding ligands can be refened to as 
"identifier probes" and "decoder probes". Qenerally, the identifier and decoder probes range 
from about 4 base pairs in lengm to about 1000, wim from about 6 to about 1 00 bemg 
preferred, and from about 8 to about 40 being particularly preferred. What is important ,s mat 
the probes are long enough to be specific, i.e. to distinguish between different IBL-DBL 
pairs, yet short enough to allow bom a) dissociation, if necessary, under suitable expertmental 
conditions, and b) efficient hybridization. 

,n a preferred embodiment, as is more fully outlined below, me IBLs do no. bind to DBLs. 
Ramer. me IBLs are used as identifier moieties ("Ms") that are identified dtrectiy, for 
example through the use of mass spectroscopy. 

in a preferred embodiment, the microspheres do not contain an optical signature. That is. as 
outlined in U.S.S.N.S 08/818.199 and 09/151.877. previous work had each subpopulauon of 
microspheres comprising a unique optical signature or optical «g that is used to identtfy the 
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»i<,ue bloacive ag.n. of to. subpopulaUon of micmsphe^s; U>a, is, decoding utilizes 
optical properUes of the beads such that a bead comprising the unique op«cal signat^ may 
be distinguished &o» beads at other locations «ith different optical signatures. Thus the 
p.vious work assigned each bioactive agent a unique optical signamre such that any 
microspheres comprising that bioactive agent are identifiable on the basis of the signantre. 
These optical signatures comprised dyes, usually ehromophores or fluorophores, that were 
entrapped or attached to the beads themselves. Diversity of optical signaBtresutthzed 

different fluoroctaomes, different ratios of mixmres of fluot^hromes, and dtfferen. 
concentrations (intensities) of fluorochromes. 

Thus the present invention does no. rely solely on the use of optical properties to decode the 
™ However, as will be appreciated by those in the an, it is possible m some 
embodiments to utilize optical signatures as ^ additional coding method, in conjunction wnh 
the presem system. Thus, for example, as is more fully outlined below, the size of the array 
may be effectively increased while using a single set of decoding moieties in several ways, 
one of which is the use of optical signatures one some beads. Thu., for example, using one 
"se," of decoding molecules, the use of mo populations of beads, one with an opncal 
sip,amre and one without, allows the effective doubling of the array size. The use of multiple 
optical signatures similarly increases the possible size of the array. 

,n a preferred embodiment, each subpopulation of beads comprises a plurahty of different 
IBLs By using a plurality of different IBLs to encode each bioactive agent, tite number of 
possible unique codes is substantially increased. That is, by using one unique IBL per ^ 
bioactive agent, the size of the anay will be Ute number of unique IBLs (assuming no reuse 
occurs, asoutlinedbelow).However,byusingaplurality of different IBLs per bead. n,tite 

size of tite array can be increased to 2-, when the presence or absence of each IBL rsused as 
the indicator. For example, the assigmnent of 10 IBLs per bead generates a 1 0 b,. btnary 
code, where each bit can be designated a. «1" (IBL is present) or "O" (IBL is absent). A 10 bu 
binary code has 2" possible variants. However, as is more fully discussed below, the size of 
the array may be fur^ter increased if another parameter is included such as concentration or 
intensity; thus for example, if two different concentotions of the IBL are used, titen the array 
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.i^ increase, as 3". Thus, i. this embodiment, each individual bioactive agen. in the a™y is 
assignedacombina.io„ofIBLs,whichcanbeadd=d.othebeadsprior to the addition of the 

bicacdve agent, after, or during the syndesis of the bioactive agent, i.e. simultaneous 
addition of IBLs and bioactive agent components. 

Altentatively, when the bioactive agent is a polymer of different residues, i.e. when the 
bioactive agent is a protein or nucleic acid, the combination of different IBLs can be used to 
elucidate the sequence of the protein or nucleic acid. 

Thus for example, using two different IBLs (IBLl and IBL2), the fir« position of a nucleic 
acid can be elucidated: for example, adenosine can be represented by the presence of both 
IBLl and IBL2; thymidine can be repr«e„ted by the p«sence of IBLl but not IBL2, cytostne 
can be represented by the presence of IBL2 but not IBLl, and guanosine can be represented 
by Ute absence of both. The second position of dte nucleic acid can be done in a s,m,lar 
manner using 1BL3 and .BL4; thus, the ptesence of IBLl, IBL2, IBU and 1BL4 gives a 
scuence of AA; IBLl, IBL2, and ,BL3 shows the sequence AT; IBLl , 1BL3 and IBL4 g,ves 
ft= sequence TA, etc. The third position utilizes 1BL5 and IBL6. etc. In this way, *e use of 
20 different identifiers can yield a unique code for every possible 10-mer. 

The system is similar for proteins but requires a larger number of different IBLs to identify 
each position, dependmg on the allowed diversity at each position. Thus for example, ,f 
every amino acid is allowed at every position, five differem IBLs are required for each 
position. However, as outlined above, for example when using random peptides as ti,e 
bioactive agents, there may be bias buih into the system; not all amino acids may be present 
at all positions, and some positions may be preset; accordingly, it may be possible to utihze 
four different IBLs for each amino acid. 


: of "bar code" for each sequence can be constructed; the presence ( 

absence i 


; or 

In this way, a sort > 

of each distinct IBL will allow the identification of each bioactive agent. 


m addition, the use of different concentrations or densities of IBLs allows a "reuse" of sorts. 
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If, for example, the bead comprising a first agent has a IX concentration of IBL, and a second 
bead comprising a second agent has a lOX concentration of IBL, using saturating 
concentrations of the corresponding labelled DEL allows the user to distinguish between the 
two beads. 

^ Once the microspheres, which in some cases comprise candidate agents and unique tags, are 
generated, they are added to the substrate to form an array. In general, the methods of 
making the arrays and of decoding the arrays is done to maximize the number of different 
candidate agents that can be uniquely encoded. The compositions of the invention may be 

10 made in a variety of ways. In general, the arrays are made by adding a solution or slurry 

comprising the beads to a surface containing the sites for attachment of the beads. Th.s may 
be done in a variety of buffers, including aqueous and organic solvents, and mixtures. The 
solvent can evaporate, and excess beads removed. 


15 
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It should be noted that not all sites of an array may comprise a bead; that is, there may be 
some sites on the substrate surface which are empty. In addition, there may be some sites that 
contain more than one bead, although this is generally not preferred. 

In some embodiments, for example when chemical attachment is done, it is possible to atuch 
the beads in a non-random or ordered way. For example, using photoactivatible attachment 
lirJcers or photoactivatible adhesives or masks, selected sites on the array may be sequentially 
rendered suitable for attachment, such that defined populations of beads are laid down. 

The arrays of the present invention are constructed such that information about the identity of 
25 the candidate agent is built into the array, such that the random deposition of the beads in the 
fiber wells can be "decoded" to allow identification of the candidate agent at all positions. 
This may be done in a variety of ways, and either before, during or after the use of the array 
to detect target molecules. 


30 


Thus, after the array is made, it is "decoded" in order to identify the location of one or 
of the bioactive agents, i.e. each subpopulation of beads, on the substrate surface. 


more 
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,„aprefene<ien..odUnc„,ase,ecUvedecodi„6Sys,e..«sed. ,„ ^.s case. only 

. Jodecode.Uge„e* ,ow. Ua. is. U,e »ay is fe. scanned under expen^en^ 
:L„s.n.eabsenceof*e».e,a„.y.es.T.esan,p,econ«inin..e.^^^^^^^^ 
added andon,ythoselocad„nsex.ubiUngacha.gein*eop,icals,gna,a,edecoded. FO 

ra!pir.e^adsa.ei.=..eposi«veo,nesa.ivesi,™..ocaUonsn.y.=i2e^s.^^^^^^ 
3o«.easedfrom«.= a.ray(forexa™p.e*.onghfl,euseotpho.oc,eava«« 
:«so«edo.en.cHedinan~e.ac.va.dce,,so«e.(PACS,^an^ 
:r„egaL^sa.«.eased,and*en*eposiUve,.adsa.eid.e.re,ea.do,a^^^^ 
„.„ „l™.ve,ya«*eposi.ivesa.«ieasedanda„a,y.d.A,— ^ 
: e:n,p.sehalo,e„a.eda.n,a.icc„n.pounds.andde.ec.io„of.e,a.iisdo„e.,n,^ 

exan-ple gas ctao«a.o^phy. chen^ca. «gs, isotopic .gs, and/o, n^s spectral .gs. 

AS »i,. .e appreciated by mose in *e art. .Us may also be done in sys.en.s where .be array is 
„o.decoded;i.e.*ere„eedno.everbeacorrela.ionofbcadco,„posiUonw^*^^^^^^^ 
4isen,bodimen..*ebeadsareloadedon,heanay,and.heassay.smn. Tl. posmves ,..e. 
r:tdsdisp.ayingacbangei„.beop.ica,signalasisn.ore.llyo.inedb.^^^^^^ 

..^.ed" .0 disiinguisb or separa.e *e» from U.e "nega.ive" b^ds. ms can be done n 
several ways, preferably using fiber optic arrays. In a preferred enrbodimen, each b.ad 
:rHsesalocrys.al.Thus.uponnon.se,ec.ivereleaseof.Hhebea.^ 

.rdn, fore^npleusingafluorescence ac.iva.ed cell sor,er(FACS) n,ach,„e.*c non- 
fluorescen. aCive beads can be sor.ed f^m d,e fluorescen. negative beads. Ai.ema.,v* 
when light is shown down .be nega.ive fibers. .11 ti,e „ega.ives are non-fluorescen. an 
posiiives a. fluorescen., and sorting can proceed. The characeri^tion of .he anached 
bioacive agen. may be done direCly, for example using mass specm,scopy. 

A,.ema.ively.fteidentifica.ionmay occur .hrough^e use ofiden.if.er moieties C-lMs"). 

which are simUar .0 IBLs bu. need no. necessarily bind .0 DBLs. Tha. is. rafter .han 
elucida^ .he stiucmre of.be bioactive agen. direCly. ti,e composition of .he .Ms may serve 
as fte identifier. Uus, for example, a specific combination of IMs can serve .o code .he 
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• „,r, Hahtk shown down again either the posixive 
assembled array. After *e .es. assay ,s n., i.gM s s^ 

r .1,= "neealive" fibers, to distinguish these populations. As a result 
r:Xora„.he„ega.i.sa.po,yu,er.d3.,dtrap^or..u„d.othes.tes,w.,e 

fte odrer population of beads can be released ftomthe array. 

the bioactive agent is a nucleic acid or protem. 

in a preferred cnrbodimcnt, as outlined above, the DBL binds to the IBL. 

DBLisasuDsianim y a Hpcoder orobe that is substantially 

the bioactive agent, termed a decoder probe herein. A decoder prob 

each candidate probe. 

,napr=fe.r=den,bodintent,theDBUareeither directly or indirectly labeled. By nab«^ 
J.„ant«aco.poundhasat,eas.onee,e.en,,isotopeorcbe»ca,con^^^^^^^ 
enab^edctcctionoftheconrpound in general, labels ralHn.o.hreec,.s«: ,,sot^^.^^^^^^^^^ 
0 »ayberadloac,iv=orheavyiso.opes;b,™ape,ic,c,ec,Hca,,thcr,nal;a„dc,co,or^«~ 
,ab,s;al,hcugh,abelsincludec„^esandpar.iclessuchas™agn=ttcpa,.,clesas»el,.Pr^^^^^ 
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labels include luminescent labels. In the most preferred embodiment, the label comprises at least one 
nanocrystal. In a preferred embodiment, the DBL is directly labeled, that is, the DBL compnses 
a label. In an alternate embodiment, the DBL is indirectly labeled; that is, a labeling bmdmg 
ligand (LBL) that will bind to the DBL is used. In this embodiment, the labeling binding 
ligand-DBL pair can be as described above for IBL-DBL pairs. 

Accordingly, the identification of the location of the individual beads (or subpopulations of 
beads) is done using one or more decoding steps comprising a binding between the labeled 
DBL and either the IBL or the bioactive agent (i.e. a hybridization between the candidate 
probe and the decoder probe when the bioactive agent is a nucleic acid). After decoding, the 
DBLs can be removed and the array can be used; however, in some circumstances, for 
example when the DBL binds to an IBL and not to the bioactive agent, the removal of the 
DBL is not required (although it may be desirable in some circumstances). In addition, as 
outlined herein, decoding may be done either before the array is used in an assay, during the 
assay, or after the assay. 

In one embodiment, a single decoding step is done. In this embodiment, each DBL is labeled 
with a unique label, such that the number of unique tags is equal to or greater than the number 
of bioactive agents (although in some cases, "reuse" of the unique labels can be done, as 
described herein; similarly, minor variants of candidate probes can share the same decoder, if 
the variants are encoded in another dimension, i.e. in the bead size or label). For each 
bioactive agent or IBL, a DBL is made that will specifically bind to it and contains a unique 
tag, for example one or more fluorochromes. Thus, the identity of each DBL, both its 
composition (i.e. its sequence when it is a nucleic acid) and its label, is known. Then, by 
adding the DBLs to the array containing the bioactive agents under conditions which allow 
the formation of complexes (termed hybridization complexes when the components are 
nucleic acids) between the DBLs and either the bioactive agents or the IBLs, the location of 
each DBL can be elucidated. This allows the identification of the location of each bioactive 
agent; the random array has been decoded. The DBLs can then be removed, if necessary, and 
the target sample applied. 
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In a preferred embodiment, the number of unique labels is less than the number of unique 
bioactive agents, and thus a sequential series of decoding steps are used. To facilitate the 
discussion, this embodiment is explained for nucleic acids, although other types of bioactive 
agents and DBLs are useful as well. In this embodiment, decoder probes are divided into n 
sets for decoding. The number of sets corresponds to the number of unique tags. Each 
decoder probe is labeled in n separate reactions with n distinct tags. All the decoder probes 
share the same n tags. The decoder probes are pooled so that each pool contains only one of 
the n tag versions of each decoder, and no two decoder probes have the same sequence of 
tags across all the pools. ^ number of pools required for this to be true is determined by 
the number of decoder probes and the n. Hybridization of each pool to the array generates a 
signal at every address. The sequential hybridization of each pool in turn will generate a 
unique, sequence-specific code for each candidate probe. This identifies the candidate probe 
at each address in the array. For example, if four tags are used, then 4 X n sequential 
hybridizations can ideally distinguish 4" sequences, although in some cases more steps may 
be required. After the hybridizationof each pool, the hybrids are denatured and the decoder 

probes removed, so that the probes are rendered single-stranded for the next hybridization 
(although it is also possible to hybridize limiting amounts of target so that the available probe 
is not saturated. Sequential hybridizations can be carried out and analyzed by subtracting 
pre-existing signal from the previous hybridization). 

An example is illustrative. Assuming an array of 16 probe nucleic acids (numbers 1-16), and 
four unique tags (four different nanocrystals, for example; labels A-D). Decoder probes 1-16 
are made that correspond to the probes on the beads. The first step is to label decoder probes 
M with tag A, decoder probes 5-8 with tag B, decoder probes 9-12 with tag C, and decoder 
probes 13.l6withtagD. The probes are mixed and the pool is contacted with the array 
containing the beads with the attached candidate probes. The location of each tag (and thus 
each decoder and candidate probe pair) is then determined. The first set of decoder probes 
are then removed. A second set is added, but this time, decoder probes 1 , 5, 9 and 1 3 are 
labeled with tag A, decoder probes 2, 6, 10 and 14 are labeled with tag B, decoder probes 3, 
7, 1 1 and 1 5 are labeled with tag C, and decoder probes 4, 8, 12 and 1 6 are labeled w.th tag 
D. Thus, those beads that contained tag A in both decoding steps contain candidate probe 1 ; 
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.,Ai„U>=f.sU=»dU.g.ep™a.gBi„*=seconddecodi:,g.epco„.in— ^^^^^ 

A in *= f.«. decoding step and ,ag C in U.e second s,ep contain cand,dat= prob , tc. 
^oLn,bodin,en,U,edecoderpro.esa.,abe.edinsi»;*a.U.*=yneedn«be.abe,=d 

p,„. ,o*e decoding .eacion. In*is embodimen,, *e incoming decoder p.be.s sooner 
Lu,ecandid.= probe,c,ea.inga.«"on.hedecodingp™be. T^ea^ » 
,.e,edddNTPs(eachiabe,edwia.a„ni,ue»g,andapo.y.e.a3ewi,,aUow*eadd«.onof 

.hetagsinascnence specific man„er>„sc^.ingase,uence-specif,cpanemofs.gnal.. 
SimUarly, other modifications can be done, including ligatton, etc. 

,„ a^ition. Since the si. of the array «i.i be set by the n^nber of nni,ue decoding binding 

siL This may be done in several ways; for example, by using some subpopul«>ons that 
comprise optical signamres. Simiiarly. the use of a positional coding scheme within an array; 
aiffeLtsub-bu„dlesmayreusethesetofDBLs,Similar,y,oneembodimentu.rl,«sbe^ 
3i.e.aeodingmodali.y,,husal,owingthereuseof.hese.ofuni,„eDBLsoreachbead 
si.. Mtema.vely,se,uentia,partianoadingof arrays withbeaascanalsoallowthereuseof 

DBLs. Furthermore, "code sharing" can occur as well. 

,„ a preferred embodiment, the DBLs may be reused by having some subpopulations of beads 
comprise optical signatures. In a preferred embodiment, the optica, signature is generally a 
mixture comprising a. least one nanocrystal. By varying both the composition of Ote nuxmre 
fi c the ratio of one nanocrystal to another), particle size and the concentration of the 
„a, (leadhtg to differences in signal intensity), matrices of uni,ue optical stgnatures 
may be generated as described above. 

,„ a preferred embodiment, a spatial or posidonal coding system is done. In 4is 
embodiment, there are sub-bundles or subarrays (i.e. portions of the total array) ^at are 
utili^d. Byan.ogywiththe.eleph„nesyst™,eachsubanayisatr-areacode thatcanhave 
the same tags (i.e. telephone numbet.) of other subarrays, but are separated by viriue o the 
location of the subarray. Thus, for example, the same unique tags can be reused ftom bundle 
to bundle. Thus, the use of 50 unique tags in combination with 100 different subarrays can 
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form an array of 5000 different bioactive agents. In this embodiment, it becomes important 
to be able to identify one bundle from another; in general, this is done either manually or 
through the use of marker beads, i.e. beads containing unique tags for each subarray. 

In alternative embodiments, additional encoding parameters can be added, such as 
microsphere size. For example, the use of different size beads may also allow the reuse of 
sets of DBLs; that is, it is possible to use microspheres of different sizes to expand the 
encoding dimensions of the microspheres. Optical fiber arrays can be fabricated containing 
pixels with different fiber diameters or cross-sections; alternatively, two or more fiber optic 
bundles, each with different cross-sections of the individual fibers, can be added together to 
form a larger bundle; or, fiber optic bundles with fiber of the same size cross-sections can be 
used, but just with different sized beads. With different diameters, the largest wells can be 
filled with the largest microspheres and then moving onto progressively smaller microspheres 
in the smaller wells until all size wells are then filled. In this manner, the same nanocrystal 
ratio could be used to encode microspheres of different sizes thereby expanding the number 
of different oligonucleotide sequences or chemical fiinctionalities present in the array. 
Although outlined for fiber optic substrates, this as well as the other methods outlined herein 
can be used with other substrates and with other attachment modalities as well. 

In a preferred embodiment, the coding and decoding is accomplished by sequential loading of 
the microspheres into the array. As outlined above for spatial coding, in this embodiment, the 
optical signatures can be "reused". In this embodiment, the library of microspheres each 
comprising a different bioactive agent (or the subpopulations each comprise a different 
bioactive agent), is divided into a plurality of sublibraries; for example, depending on the size 
of the desired array and the number of unique tags, 10 sublibraries each comprising roughly 
10% of the total library may be made, with each sublibraiy comprising roughly the same 
unique tags. Then, the first sublibrary is added to the fiber optic bundle comprising the wells, 
and the location of each bioactive agent is determined, generally through the use of DBLs. 
The second sublibrary is then added, and the location of each bioactive agent is again 
determined. The signal in this case will comprise the signal fi-om the "first" DBL and the 
"second" DBL; by comparing the two matrices the location of each bead in each sublibrary 
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c.b=de— .S«.,y,addin.*e.Mrd,fo^.e.c.subUbraHesse,ue„.^^^ 
allow the array to be filled. 

,„.p.fe^en,bodtae„.codesc.„be-WM.severa.ways..„af,,s.e.bodta^^^^ 
l;Lae0.e.BL«,BLp.Ocanbea..sned.o.woo.»o.a,=a.if*.W,a^^^^^^ 

IpNA,— assay cansha.*esa.ecodeif*e«ng.ofd.e.h^^^^^^^^ 
:^3H„Jsi.lesdo„o.ove.,a. THs can oocu„fo. example, when one of *=.a^« 
^„ences.a,wa.p.sen.a.a™cKh,K.concen„aUond,a„*eo.H.— 
J»ge.se,ue„ces,nigh,a.waysbep«sen.a.as«arcon— .butd,ffer,n 

hybridization efficiency. 

«e,y a sing, code can be assigned .o m>..p.e agen« if *= agents are <.ne.iona,ly 
:rlJpo,elp>e,ifase.ofo,igon.,eo.dep™.sa.designed..— 
plposeofde,=eiingU,epresenceofapa„icn,a,Be„e..hen.beprobesaref™e.,^ly 
3valen.,even*ougb*ey»aydifr«inse,„ence.Sin.i>a.,y,ifc>assesofanaiy.es^ 

:Ld,..p.besfo,di.e.en.»en,be.ofac>asss.cbas.naseso,a-p..e,nco„^^^ 
^ptorsco^shareacode. similarly, an a„ayof.his,ype could be used .ode.ee. 
Zlogsof.no™gene.,nO,isen,bodi™en.,eacbge„eisrepresen.ed.ya.^^^^^^^^^^^ 

se, of probes, hybridizing .0 diiferen, regions of .he gene (and therefore d,ffenn8 „ 
sequence) These.ofprobessh.^acommoncode. lfahon,ologispresen,,«m,gh, 

,„, all of. he probes The level of homology migh, be indieaied by .he 
hybridize to some bu.no. all of .he prooes. 5,„ii«rlv 
ftacion of probes hybridizing, as well as the average hybridizafon ,ntens,ty. S,m,larly, 
multiple antibodies ,o the same pro«in could all share .he same code. 
,„anyvarie.yof.hecmbodimen.sdeseribedabove,memicrospheresystemmaybea..ched 

,0 dte dis.al end of .he optical fiber bundle using a variely of compatible processes. The 
:lpheresa.l.a.edclose,otitee„dofU,ebundle.Thiscnsures«.he^^^^^ 

in each optical f.ber predominantly comes from only a single microsphere. Thts feature ■ 
necessary to enable the interrogation of the optical signature of individual m,crospheres to 
Lijeactionsinvolvingthemicrospherc.sfu„ctionalityandalso.odecode,hena„ocrys.l 
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,„iosco„«inedin.hose„Uc.sph=res.T.= adhesio„oraffixi„8.»^ 
not chemically insula« the microspheres from the analyte. 

P^ferahly, each optica, fiher of a bundle conveys light f^m a single microsphere contained 
in its wen. ConsequenUy, by imaging the end of a bundle onto a CCD array, the opfcal 
signatures of the microspheres are individually intenogatable. 

AS an example, to form the microwells and to place the microspheres in the wells, a i nm, 

hexag„na,ly-pacUed^aghtgfibercon,ai„sapproximatelya0.600mdi^^^^^^^^^^ 
.hathavecoresapproxima.e,3.7.macr„ss,Par.No.ET26fromGal,leoF.be^« 

the cores of each fiber are hexagonally shaped as a result the starttng preform, t^at ,s. d^g 
drawing the fber does no. usually change sMpe. In some cases, the shape can be crcular. 


however. 


P^erinthisexample.boththeproxima.anddistalendsof.hef.berbundle.esucce.v^ 

polished on 12 .m. 9 im,, 3 .m. 1 imt, and 0.3 .m lapping films. Subs«,nently, 

Li„spectedforscra.chesonanatomicforcemicroscope.Asolutionofa2gramsN^^^^^^ 
(ammoniumfluoride,wid,600,ldistilledH,OandlOO,lofHF(hydrofluoncacKl,50/. 

preferably approximately 30 to 600 seconds, with about 80 seconds being preferred. 

upon removal from this solution, the bundle end is immedtately placed in deionized water to 
stop any further etching. The fiber is then rinsed in running tap water. Atthtsstage 
sonicatlon is p^ferably performed for several minutes to remove any salt products from 
reaction. The fiber is then allowed to air dry. 

The foregoing procedure produces wells by the anisotropic etching of the fiber cores 
favorably with respect to the cladding for each fiber of the bundle. Tlte wells have 
approximately the diameter of the cores. 3.7 ,m. This diameter is selected to be shghtly 
,.ger than the diameters of the microspheres used. 3.1.m. in the example. The preferential 
etching occurs because the pure silica of U,e cores etches faster in the presence of 
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The microspheres are then placed in the wells according to a number of different techniques. 
The placement of the microspheres may be accomplished by dripping a solution containing 
the desired randomly mixed subpopulations of the microspheres over the distal end, 
sonicating the bundle to settle the microspheres in the wells, and allowing the microsphere 
solvent to evaporate. Alternatively, the subpopulations could be added serially to the bundle 
end. The microspheres may then be fixed into the wells by using a dilute solution of 
sulfonated Nafion that is dripped over the end. Upon solvent evaporation, a thin film of 
Nafion was formed over the microspheres which holds them in place. This approach is 
compatible for fixing microspheres for pH indication that carry FITC functionality. The 
resuhing array of fixed microspheres retains its pH sensitivity due to the permeability of the 
sulfonated Nafion to hydrogen ions. This approach, however, cannot be employed generically 
as Nafion is impermeable to most water soluble species. A similar approach can be employed 
with different polymers. For example, solutions of polyethylene glycol, polyacrylamide, or 
polyhydroxymethyl methacrylate (polyHEMA) can be used in place of Nafion, providing the 
requisite permeability to aqueous species. 

An alternative fixation approach employs microsphere swelling to entrap each microsphere in 
its corresponding microwell. In this approach, the microspheres are first distributed into the 
microwells by sonicating the microspheres suspended in a non-swelling solvent in the 
presence of the microwell array on the distal end. After placement into the microwells, the 
microspheres are subsequently exposed to an aqueous buffer in which they swell, thereby 
physically entrapping them, analogous to muffins rising in a muffin tin. 

One of the most common microsphere formations is tentagel, a styrene-polyethylene glycol 
co-polymer. These microspheres are unswollen in nonpolar solvents such as hexane and swell 
approximately 20-40% in volume upon exposure to a more polar or aqueous media. This 
approach is extremely desirable since it does not significantly compromise the diffusional or 
permeability properties of the microspheres themselves. 
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I„ most =nvi,om„»«, i. may be ^necessary ,o use any chemical or mechamcal fixation for 
fte microsphere. In a prefe^d embodiment, particularly when wells a« us^, a somcafon 
step may be used to place beads in the wells. 

Once made, the compositions of the invention find use in a number of applications. In a 
preferred embodiment, the compositions are used to probe a sample solution for the presence 
or absence of a target analyte, including tite ..uantification of tite amount of target analyte 
present By "target analyte" or "analyte" or grammatical equivalents herein is meant any 
atom, molecule, ion, molecular ion, compound or particle to be either detected or evaluate 
for binding partners. As will be appreciated by those in the art, a large number of analytes 
may be used in the present invention; basically, any target analyte can be used which bmds a 
bioactive agem or for which a binding partner (i.e. drug candidate) is sought. 

Suitable analytes include organic and inorganic molecules, includmg biomolecules. When 
detection of a target analyte is done, suitable target analytes include, but are not limited to. an 
enviromnental pollutant (including pesticides, imecticides, toxins, etc.); a chemtcal 
(including solvents, polymers, organic materials, etc.); therapeutic molecules (includmg 
teapeutic and abused dnrgs. antibiotics, etc.); biomolecules (including hormones, cytokmes, 
proteins, nucleic acids, lipids, carbohydrates, cellular membrane antigens and receptors 
(neural, hormonal, nutrient, and cell surface receptors) or their ligands, etc); whole cells 
(including procaryotic (such as pathogenic bacteria) and eukaryotic cells, mcludmg 
mammalian tumor cells); viruses (including retroviruses, herpesviruses, adenovtmses, 
lentiviruses, etc.); and spores; etc. Particularly preferred analytes are nucleic acds and 
proteins. 

In a preferred embodiment, the target analyte is a protein. As will be appreciated by those in 
the art there are a large number of possible proteinaceous target analytes that may be 
detected or evaluated for binding partners using the present invention. Suitable protein target 
analytes include, but are not limited to, (1) immunoglobulins; (2) enzymes (and other 
proteins); (3) hormones and cytokines (many of which serve as ligands for cellular 
receptors); and (4) other proteins. 
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^ a prefencd emboaunen., .he Urge, analyte is a nuCeic aoid. These assays fl,Ki use in a 
wide variety of applications. 

,„ a prefer, embodi^en., U-e prot^ a« used in genetic diagnosis. For example probes can 
^made using the techniques disc.osedherein.ode.ec..ar8e. sequences suchas^e gene for 

nonpoiyposis colon cancer, the BRCAl breast cancer gene, P53, which is a gene as«,c,a,ed 
Jal.yofcancers,thcApoE4gene,hatindicatesag,..errislcofAl*e,n,e.sd,sease, 

allowhtg tor easy presy«p.omatic screening of patients, ntutations in the cys,,c fibrosts gene, 
cytochrome p450s or any of the others well known in the art. 

,n an additional embodiment, vira, and bacterial dete«ion is done using the complexes of the 
invention. In this embodiment, probes are designed to detect target sequences from a vanety 
ofbacteriaandviruses. For example, curt^rtblood-sereemng techniques rely on the 
aetectionof and-HlV antibodies. The mcthodsdisclosedhereinallowfordirectscr^rnn^^ 

clinical samples to detect H.V nucleic acid sequences, particularly highly conned HIV 
sequences. In addition. *is allowsdir^t monitoring of circulating vinrs within a pauent as 
an improved method of assessing the efiieaey of anti-viral d,e»pies. Similarly. v,™ses 
associatedwith leuKentia. HTLV-1 and HTLV-U. may be detected inthis way. Bacterial 
infections such as tuberculosis, chlamydia and other sexually transmitted diseases, tnay also 
be detected. 

,n a preferred embodiment, the nucleic acids of the invention Hnd use as probes for toxic 

Bacteria the screening of water and food samples. For example, samples may be treated to 

lyse the bacteria to release its nucleic acid, and then probes designed to recognize bactenal 

strains, including, but no, limited ,0. such padtogenic strains as. . 

Viirio Merae. imtaanto. enterotoxic strains of £. coU. and Legionnaire's dtsease 

hacteria. Similarly, bioremediation strategies may be evaluated using the compositions of the 

invention. 

In a further embodiment, the probes are used for forensic "DNA fingerprinting" to match 
crime-scene DNA against samples taken from victims and suspects. 
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to additional embodiment *e probes in an array are used for sequencing by hybridizatfon 

Tbe present invention also finds use as a methodology for the detection of mutations or 
mismatches in targe, nucleic acid sequences. For example, r^nt focus has been on a,e 
analysis of me relationship b«ween genetic variaUon and phenotype by making use of 
polymorphic DNA marlcers. Previous work utilized shol tandem treats (STRs) as 
polymorphic positional markers; however, recent focus is on the use of single nucleottde 
polymorphisms(SNPs). which occur atan avenge frequency of mor^thanlperHlobasem 

human genomic DNA. Some SNPs, particularly those in and around coding sequences, are 
likely to be the direct cause of drerapeutically relevant phenolypic variants. TTterc are a 
number of well known polymorphisms that cause clinically important phenotypes; for 
example the apoE2/3/4 variants are associated with ditferem relative risk of Alzheimer's and 
other diseases (see Cordoretal., Science 261(1993). Multiplex PCRampliflcation of SNP 
loci with subsequent hybridization to oligonucleotide arrays has been shown to be an accurate 
and reUable method of simultaneously genotyping a. least hundreds of SNPs; see Wang e. al.. 
Science 280:1077 (1998); see also Schafer et al.. Nature Biotechnology 16:33-39 (1998). 
Tl,ecompositio„s of thcpre^ntinvcntionmay easily be subsututed for the arraysofthepnor 

art. 

In a preferred embodiment, the compositions of the invention are used to screen bioactive 
agents to find an agent that will bind, and preferably modify the function of, a target 
molecule. As above, a wide variety of different assay formats may be run, as will be 
appreciated by those in the art. Generally, the target analyte for which a binding partner is 
desired is labeled; binding of the target analyte by the bioactive agent results m the 
recruitment of the label to the bead, with subsequent detection. 

In a preferred embodiment, the binding of the bioactive agent and the target analyte is 
specific; that is, the bioactive agent specifically binds to the target analyte. By "specifically 
bind" herein is meant that the agent binds the analyte, with specificity sufficient to 
differentiate between the analyte and other components or contaminants of the test sample. 
However, as will be appreciated by those in the art, it will be possible to detect analytes using 
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„,jforexa.p.ea„a„a,ofdiif=«n.l,gands.a„dde.ec,io„ofa„ypaxuoulara„al^e^^ 
::Llse,"v.o*.™sf,„dspa„icu,=r„.m.,in*eae.cUo„of— .^^^^^^ 

„„.desiId-ie.tordc«cti.g.«waffmi.ybi„aingpa«„«s. ,„ son,. e.bod„„en«. for 
„otd«.red,..e. „ . ..omolecules dissociation constants of the analyte to 

exampleinthed=tecuonofcettainb,omolecules,tn . „, in'to lO'M' 

«,e.iodin,.igand-be,ess,ha„about,(.-.0^M'.»i,hless4ana^ut 0 

being prefe^d and less than about .0' -lO^M ' bring paxticulaxly p^ferrcd. 

Genetaiiy.asantpiecontainingatatgctanaiyteC^bethetfotdetectionofthetarset.^^ 

otbinLgP=-etsortbe.^eta„a,y.e,isadded.otb=atray,..d«^^^^^^ 
lieotbindingoftbe.atge.an.yt.toatUa.oneoftbebioac.v=ag..s...^^^^ 

physiological conditions. Htc pr«=ncc ot absence of the target analyte ,s then detec^d. 
^Lapteciatedby those intlteart,thisn,aybedone.avari=tyofways,gene^n 

^ughluseofachange htanopUcal signal. Thischangecanoccurvtatna^dff^^^^ 
.echLs.s.Afewexa,np.esinc,ude,hebindingofana„ocrystal.tag.edan^.yt=»*^ 
head theptodnctionofananoctystaispeciesonotneat the bcads.thedestruct,on fan 
"lgnLct,stalspecies,achang=intheoptica,sig„at„enponanal,te.ntetact„™th 

nanocrystal on bead, or any other optically interrogatable event. 

,„apreferreden,bodl.ent>ech.geinoptica, Signal occursasaresultoftbebindingo^^ 
:;t3nalyte.hatis,abeled,eitherdirectlyor«rec,ly,witbadetec.able,abe,,pref™^^ 

comprising at least one nanocrystal. 

Manexan,pleprovidedhereln,whenaprotei„aceoustarsetanalyteisused.it™ybeei,her 
loylabldwithatleasto„enanocrys.al,orindirectly,fore.a.plethro„gbtheusefa 

labeledantibody. Slntllarly, ""--ids can be labeled with a „a„ocrys^>— 
, duHng PCR antpliflcation as is ..own in the art. Alternatively. uponb,nd,„g of the target 
se,uences, a hybridization indicator ntay be used as the label. Hybridization -cators 
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prefer^-tially associate Witt, double sodded nucleic acid, usuallyreversibly.Hybridization 

indicators include intetcalatot. and minor and/or major groove binding motettes. In a 
prefer^d embodiment, intercalators may be used; since intercalation generally only occurs m 
the presence of double stranded nncleic acid, only in ttte presence of target hybridizaUon wU 
the label light up. Thus, upon binding of the target analyte to a bioactive agent, there ,s a new 
optical signal generated at that site, which ttien may be detected. 

In one embodiment, tt,e bead does no, comprise a lumines«nt label but the target docs, 
ttterefore, the change isthe detection of the optical signamre of the targe, comprismg at least 
one nanocrystal wherein ttte t^e, is bound to the bead. For fta*er descriptions of anachmg 
nanocrysals to biomolecules, see for example, Bruchez supra and Chan and Nte supm. 

,„ one example, ttte nanocrysul is attached to the microsphere, target, DBL. or bioactive 
agent tttrough an avidin-bio.in interaction. Biotin is covalently bound to U,e nanocrys^.1 
surface and tt,e biotinylated nanocrystals are used to label tt« bead, target, etc., whtch have 
been incubated in pWloidin-biotin and streptavidin. Other classic ligand-receptor btndntg 
models as known in the art can be used to anach the nanocrystals to compositions as desrred. 

Alternatively, in some cases, as discussed above. Ae targe, analyte such as an enzyme 
generates a species tttat is either directiy or indirectly optical detectable. 

Furflrermore, in some embodiments, a change in the optical signature may be the basis of Ore 
optical signal. For example, infraction of some chemical target analytes wtU, a 
nanocrystal on the bead may alter tt,e optical signamre, tttus generating a different optical 
signal. 

As will be appreciated by those in the art, in some embodiments, the presence or absence of 
the target analyte may be done using changes in other optical or non-optical signals, 
including, but not limited to, surface enhanced Raman spectroscopy, surface plasmon 
resonance, radioactivity, etc. 
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assays .nay be run under a variety of experi»en«l eondiUons, as will be appreciated by 
fl,os=i„ti,ear.. A variety of ote regents may be included in flresereemng assays. These 
include reagents like salts. net«ral proteins, e.g. albuntin. detergents, etc.. which tnay be used 
to facilitate opdmal proteirt-protein binding and/or r^uce non-specific or background 
interac^ons. Also reagents that otherwise itnprove the efficiency ofthe assay, such as 
protease inhibitors, nuclease inhibitors, anti-nticrobial agents, etc.. may be used. Tlte nnxbue 

of components may be added in any order that provides for the requisite binding. Vartous 

blocking and washing steps may be uuliKd as is known in the art. 

,„ a prefetred embodiment two-color competitive hybridization assays are tun. Tltese assays 
canbe bas^on traditional sandwichassays.T.ebe^seonuinacap»rese,ueneeloca^ 

on one side (upstream or downstream) ofthe SNP. to capture the target sequence. Two SNP 
allele-specife probes, =aehlabeledwithadifrere«nanocrys,ai,arehybridi.d to dretarget 

sequence. The genotype eanbe obtained fmm aratio ofthe ^vo signals, with fte correct 
sequence generally exhibiting better binding This has an advantage in that the target 
„ itself need no, be labeled. In addition, since the probes are competing, this means 
that the conditions for binding need not be optimized. Under conditions where a mtsmatched 
probe would be stably bound, a matched probe can stil, displace it. Tlterefore the competmve 

assay can provide better discrimination under those conditions. Because many as^ys are 
5 carried out in parallel, conditions cannot be optimized for every probe simultaneously. 

Therefore, a competitive assay system car, be used to help compensate for non-opttmal 

conditions for mismatch discrimination. 

h a preferred embodiment, dideoxynueleotide chain-termination sequencing is done using 
,5 the compositions ofthe invention. In this embodiment, a DNA polymerase is used .0 extend 
a primer using fluorescently labeled ddNTPs. The 3' end ofthe primer is located adjacent to 
,he SNP site. In tins way,'.he single base extension is complementary to the sequence at the 
SNP site By using four differem nanocrystals, one for each base, the sequence of tite SNP 
can be deduced by comparing tite fou. base-specifc signals, This may be done in several 
30 ways m a firs, embodiment, tite capture probe can be extended; in titis approach, the probe 
must eititer be synthesized 5'-3' on the bead, or attached a, the 5' end to provide a free 3' end 
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forpolymeraseextension. Al.en«dve,y, a sandwich ,ype assay can be used; in *is 
en,.odiu,e„Uhe .arse, is captured on .he bead by a prob. men a pri«r is annealed and 

Lded.Asain,in«:e.a„e.case,«>eU.ge.se,uenceneedn.be,abe,ed.,nadd„.on^s..^ 
Ld«ichassays«,ui..w„specif.cin— ,.hisp.videsinc.a3eds«n,encywh.ch,s 

particularly helpM for the analysis of complex samples. 

taaddi,ion.when.he.argetanaly.= ^dtheDBLb„.hbindtotheagenU.isalsopossible.o 
do detection of non-labelled target analy.es via conapetition of decodmg. 

,„ an embodimen. wherein U,e targets are directly or indi^ctly labeled, the label comprises at 
least one nanocrystal. 

inapreferred embodiment, the memodsoftheinvennonareuseM in arraytiualitycon™.^ 
Priorto.hisinventio„,n„methodshavebeendescribedthatprovideapositivetes.of*e 

perfom-ance of every probe on every array. Decoding of the array no. only provdes .h.s tes.. 
Uals„doessobymaldnguseofd,edatageneratedduringthedecodingprocess.tsef 

Wore, no additional experimenUl wo* is required. The invenUon requires oriy a se. of 
daur analysis algorittims tha. can be encoded in software. 

The quality control procedure can identify a wide variety of systematic and random problems 
inanarray.Forexamplcrandom specks of dust or other contaminants mightcau. some 

sensors to give an incorrect signal-this can be detected during decoding. The omiss.on of one 
or more agents (rom multiple arrays can also be detected. An advantage of this quahty 
control procedure is to. i. can be implemen.ed immediated prior .o *e assay i«elf. and .s a 
„e funciona, .es. of each individual sensor. Therefore any problems that might occur 
be^^eenarrayassemblyandactualusecanbedetected. ,„ applications where a vetybgh 
.evel of confidence is required, and/or there is a significant chance of sensor failure dunng the 
experimental procedure, decoding and quality control c^ be conducted both before and after 
the actual sample analysis. 

,n a preferred embodiment, the arrays can be used to do reagent quality control. In many 


46 


PCT/USOO/13940 

WO 00/71995 

approach described here can be used .0 do ^ by «a.ing .he reagent. (fon„u,a.ed as 
DBLs) as variable instead of the arrays. 

U a preferred embodiment «,= meftods outlined herein are used in array calibration. For 
JappUca.i„ns,.uchasmKNA,«antiu.ion,i.isdesirable.ohaveasignalthat,salmear 

^ponse to the concenUation of the target analyte, or. alternatively, if non-linear, .0 

detennine a relaUonship between concentration and signal so that the concentranon of the 

«,ge. analyte can be esUmated. Accordingly, the present invention provides me^ods of 
creatingcalibrationcurvesinparallelformultipleheadsina„array.Thecalib«t,oncurv. 

can be created under conditions that simulate the complexity of the sample to be an^y-d. 
Each curve can be constntcted independently of the others (e.g. for a differem range of 
concentrations), but at the same time as all *e other curves for the array. TTtus, m .h,s 
embodiment the sequential decoding scheme is implemented with differ, concentrafons 
beingusedasthecc«ie".abels".ra.hertbandifrerentnanocrys,als. In this way, stgnal as a 
.sponse to concentration can be measu^d for each bead. TTtis calibration can be earned ottt 
j Jprior to array use. so that every probe on ever, array is individually calib^ted as needed. 

,n a preferred embodiment, the methods of the invention can be used in assay developmem as 
well Thus, for example, the methods allow the identification of good and bad probes; as .s 
understoodby those inthe art, some probes do notiunction well becausetheydonot 

hybridi^ well, or because they cross-hybridize with more than one sequence. These 
problemsareeasilydetectedduringdecoding. Tlte ability to rapidly assess probe 
perfonnancc has the potential to greatly reduce the time and expense of assay development. 

Similarly,inapreferredembodiment.themethodsoftheinventionareuseMin,»..itation 
in assay development. A major challenge of many assays is *e ability to detect d,fferences 
in analyte concentrations between samples, to quantitate these differences, and to measure 
absolute concenuations of analytes. all in the presence of a complex mixture of related 
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analytes. M =«n,pl= of .his problem is .he ,ua„U.a.ion of a specifc mBNA in fte presence 

cellular mBNA. One approach to. has been developed as a basis of mRNA 
,uan.im,ion makes use of a multiple ma.eh and mismatch probe pairs (Lockhar. e. al., 1996), 
hereby incorporared by reference in its entireW- While ftis approach is simple, i. reqmres 
5 relatively large nmnbers of probes. In this approach, a quan.i.a.ive response .0 concen«.,on 
is obuined by averaging tire si^s from a se. of differem probes .o the gene or sequence of 
inlerest TOs is necessary because only some probes respond ,uanti«tively, and .. .s not 
possible ,0 predic, tirese probes ^ ceruinV- In .he absence of prior knowledge, only ti.e 
avemge r^ponse of an appropria«ly chosen colleCion of probes is ,uan<imtive. However, m 
,0 tire prescn. invention, .his can be applied generally .0 nucleic acid based assays as well as 

otirer assays. In essence, approach is .o identify the probes ti«. respond quan.iut,vely m 
apar.icularassay,rati,er titan averagetiremwitirotirer probes. This is done usingrhe array 

calibration scheme outitaed above, in which concentration-based codes are used. Advantages 
of tttis approach include: fewer probes are needed; the accuracy of tite measurement rs less 
.5 dependen.ontirenumberofprobesused;andto.ti,eresponseof.hesensorsisknownw,ti,a 

high level of ceruimy. since each and every sequence can be .es.cd in an efBcien. mamter. I. 
is impor^n. «, no.e tira. probes .hat perform well are chosen empirically, which avoids flte 
diffrculties and uncertainties of predicting probe performance, pariicularly in complex 
sequence mixtiues. In contrast, in experiments described ,o date witi, ordered arrays, 
20 relatively small numbers of sequences are checked by perfomting quantitative sptbng 
experiment, in which a known mRNA is added .0 a mixu^. 

AU references cited herein are incorporated by reference in tiieir entirety. 
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CLAIMS 

We claim: 

1 A composition comprising: 
, a) a substrate with a smface comprising discrete sites; and 

ipopulationofmicrospheresdistributedons.dsites,whereh.atleastoneofs.^ 

microspiieres comprises a nanocrystal. 

A compo^n acco^g to ^ 1 ^'^ said nanooysU. is «rf>edded « said 
10 microsphere. 

3.Aco»posiUonacco*g.ochi.2whereinsaidnanoc,ys«Iiss=a.«.intoporous*a 
microsphere using the sol-gel polymerization process. 
,5 4. AcomposiUonaccor^ngtoclaimlwherein^dnanocrystalisa^achedtosaid 
microsphere. 

S.AcomposiUonaccordingtoclaimlwheretasaldmicrospherecompris^saidnanocrysta. 
fintiier comprises at least one additional nanocrystal. 

5. A composTticn accordmg to Calm 1 whe^n at leas, a plurality of said microspheres 
comprises a nanocrystal. 

r Acompositionaccordingto daim 1 wherein at leas, two microspheres compri» an optical 
25 signature which differ ftom one another. 

g Aoompositi„naccordingtoclaim7whereinsaid.womicrosphereseachcomprisea 
o^crystal and whereta said nanocrystals differ in size from one another. 
30 9. AcompositionaccordingtocUimlwhereinsaidmicrospherescomprisehioacUveagents. 
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,0. A ccmposidon according .0 claim 9 wh«eia said bioactive agents comprise nucleic 

acids. 

„ . A composition acwrding to claim 9 wherein said bioactive agents comprise proteins. 

,2. A composition according to claim .1 wherein said proteins are selected 6om the group 
consisting of enzymes and antibodies. 

,3. A composition according to claim 1 wherein said population of microsphe«s comprises 

at least a first and a second subpopulaUon comprising: 

i) a a first and a second bioactive agent, respectively; and 

li) a first and a second optical signature, respectively, capable of identic each 

bioactive agent, whereto at least one of said optical signatures comprises satd 

nanocrystal. 

,4. A composition according to claim 13 whereto at least one of said optical signanrres 
comprises at least two nanocrystals. 

, 5 A composition accordmg to clator 13 wherein said first and second optical signanrres 
each compriseananocstai and Whereto said nanocrystalsdiffermsixefromoneanotirer. 

16. An array composition comprismg; 

a) a substtate with a surface compristog dUcrete sites; and 

b) a population of microspheres compristog at least a first and a second subpopulation, 
wherein each subpopulation comprises a bioactive age« bound to a mget analyte 
compristog a nanocrystal whereto said microspheres are distributed on said ^ace. 

17. An array composition comprising: 

a) a substrate with a surface comprising discrete sites; and 

b) a population of microspheres comprising at least a first and a second ^bpopulatio^ 
wherein each subpopulation comprises: 
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i) a bioactive agent; and 

iOanidentifierbindtogngandboundto ad«od«biodmgUg.ndcompns«g a 
^.ocrpul such to. ideotificaUon of fte bioactive agent can be 
elucidated; 

wherein ^d microspheres are distributed on said surface. 

18 An array composition comprising: 

alasubstratewithasurfaoecomprisingdisc.ete5ites;and 

;Ha.onofmicrospherescompri.ngat,easta.rstandaseconds^pop^^^ 
jhe^Jeachs„bpopuiatio.comprisesabioac.iveagentboundtoadecod.b»^g 
comprising ananoc.yst^whereinsaidmicrosphe.sared.st„bu.edonsard 

surface. 

„ An array composition according to ci^m .6, 17 or .8 wherein at least one 

„aiofsaid«rstsubpopulationd«ersin.zefromananoc.ystalofsardsecond 

subpopulation. 

nrHino to claim 16 or 17 wherein said bioactive agents are nucleic 

20. A composition according to ciami lo 

acids. 

A- 16 or 17 wherein said bioactive agems are proteins. 

21 . A composition according to claim 16 or u wner 

22 A method ofmaking a composition comprising: 

a) forming a surface comprising individual sites on a substrate; 

. .istribut^gmicrospheresonsaidsurfacesuchthatsaidindividuals.^ 

iospheres,whereinsaidmicrospheres comprise an opticalsignature.wherem at 

least one optical-signature comprises at least one nanocrystal. 


^method according to claim22 wherein atleasttwo optical signatures compri^^ 
ocrystal. and wherein at least one of said optical signatures comprises a nanocrystal 
differing in size from a nanocrystal of another optical signature. 


23. 
nani 
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24. A method of making a composition comprising: 

a) forming a surface comprising individual sites on a substrate; 

b) distributing microspheres on said surface such that said individual sites contam 
nncrosphere, wherein said microspheres comprise at least a first and a second 

5 subpopulation each comprising: 

i) abioactive agent; and 

ii) an optical signature capable of identifying said bioactive agent, wherein at 
least one optical signature comprises at least one nanocrystal. 

10 25 A method according to claim 24 wherein at least one nanocrystal of said first 
subpopulation differs in size from a nanocrystal of said second population. 

26. A method according to claim 22 or 24 wherein said nanocrystals are manufactured to 
have a specific size. 


27. A method according to claim 22 or 24 wherein said nanocrystals are manufactured 
and have a size distribution and then are sorted by size. 

28. Amethodofdeterminingthepresenceofatargetanalyteinasamplecomprising: 

a) contacting said sample with a composition comprising: 

i) a substrate with a surface comprising discrete sites; and 

ii) a population of microspheres comprising at least a first and a second 
subpopulation each comprising: 

1) abioactive agent; and 

2) an optical signature capable of identifying said bioactive agent; 
wherein said microspheres are distributed on said surface such that said 
discrete sites contain microspheres and wherein at least one of said optical 
signatures comprises at least one nanocrystal; and 

b) determining the presence or absence of said target anaiyte. 

29. A method according to clmm 28 wherein each of said nanocrystals have a size and at 
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to. one nanocrystal of said fir., subpopulation differs in size from a nanocrysul of said 
second population, 

30. A meAod according .o claim 28 firfrer comprising identi^ring .he loca«on of each 
bioactive agent on said substrate. 

3 , A me^od according .0 claim 30 fi.r.her comprisbg idemi^mg the location of each 
bioacive agen. on said »rhs«a.e by sorting said optical signamres ba«d on said size of saad 
nanocrystals. 

32. Amethod of deternuning the presenceofatargetanalyte comprising an optical signam^^ 

comprising at least one nanocrystal in a sample comprising: 

a) contacting said sample with a composition comprising: 

i) a substrate with a surface comprising discrete sites; and 

ii) a population of microspheres comprising at least a first and a second 
subpopulation each comprising a bioactive agent; 

wherein said microspheres are distributed on said ^ace such that said 
discrete sites contain microspheres; and 
b) dcermining .he pr^c. or absence of said »ge. an^yte by deleting said optical 

signature. 

33 . A method of determining the presence of a target analyte in a sample comprising: 
a) contacting said sample with a composition comprising: 

i) a substrate with a surface comprising discrete sites; and 

ii) a population of microspheres comprising at least a first and a second 
subpopulation each comprising: 

1) a bioactive agent; and 

2) an identifier bindmg ligand that wiU bind a decoder binding Ugand 
comprising an optical signature comprising a nanocrystal such that the 
identification of the bioactive agent can be elucidated; 

wherein said microspheres are distributed on said surface such that said 
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discrete sites contain microspheres; 

b) contacting said sample with a plurality of said decoder binding ligands; and 

c) determining the presence or absence of said target analyte by detecting said optical 
signature. 

34. A method according to claim 32 or 33 wherein the size of said nanocrystal 
contributes to said optical signature. 

35. A method of decoding an array composition comprising 

a) providing an array composition comprising: 

i) a substrate with a surface comprising discrete sites; and 

ii) a population of microspheres comprising at least a first and a second 
subpopulation, wherein each subpopulation comprises a bioactive agent; 

wherein said microspheres are distributed on said surface; 

b) adding a plurality of decoding binding Ugands comprising optical signatures to said 
array composition to identify the location of at least a pluraUty of the bioactive agents, 
wherein at least one of said optical signatures comprises a nanocrystal. 

36 A method according to claim 35 wherein at least two of said optical signatures 
comprise a nanocrystal, and wherein at least one of said optical signatures compnses a 
nanocrystal differing m size from a nanocrystal of another optical signature and wherein sa.d 
size contributes to said optical signature. 

37 A method according to claim 35 wherein at least one subpopulation of microspheres 
comprises an identifier binding ligand to which a decoding binding Ugand can bmd. 

38. A method according to claim 35 wherein said decoding binding Ugands bind to said 
bioactive agents. 

39. A metiaod according to claim 35 wherein the location of each subpopulation is 
determined by said optical signatiire. 
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40. A method of making a composition comprising: 

a) adliering nanocrystals to porous siUca beads; and 

b) sealing the pores of said siUca beads using the sol-gel polymerization process. 
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